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(54) Tifle: INItJET^i^^ METHOD AlsO) S YSlii^f KEUNT EL^^ 

(57) Abstract 

A mediod and system for detecting nonf^ctional inl^^Jets 
and compensating for' the nonfunctional ink-jets in iok ink-jet 
pinter (54). the ink-jet pi^ter (54) iiicludes a prinfliiraa (^^ 
having a plurality of ink^jets (192), each tak^^^ 
assigned to print respective dots on a i^pec^ve rast^ lin^ 
lecoiding medium in accordance with: ai»^ 
\^en an ink-jet (i92> is defective* a^t l^t 

a portion of said print mask is : replaced witii: a leplacqnaent 
mask (500) such ttiat one mbre of the remaining ink-#ts 
(19i2) of the phirality' Of 

ink-jet The metiiod includes: detecting when an in^^ 
is nonfunctional; and when an ink-jet is detraniined to be 
nonfunctional, repladhg at least a portion of die print maisk (100)^ 
with a replacement ihask (500) such tot piie or inpre of die. . 
lemataing ink-jets {192> of^^U^^ 

for the nonfunctional, ink-jet. In order to detect a nonfuncticmal element, e.g.. an ink-jet, in tiic printiiead, the ink-jet printer system of 
tiie invention furtiier tacludes: a switching power supply (80), coupled to ttie ink-jet printiiead (44), for supplying power to the prindiead 
(44); an output capacitor (164), coupled to an output of the switching power simply (80), far storing a dc voltage therem; a bleed resistor 
(166) coupled m parallel to die output capacitor (164), for discharging cunwit from tiie ou^ut capacitor (164); an output shifting circuit 
(164, 166, 172 and 174), coupled to the switching power supply, for shifting the dc voltage level across die ou^ut capacitor (164) firorn a 
low state to a high state; and a sensor (180), coupled to die output of die switching power supply (80), for detecting whai die switching 
power supply (80) is switctdng, wherein an elonent of the prindiead (44) is tested by measuring a test current discharging from the ouQ)ut 
capacitor (164) when the element is activated and comparing the measured test current with a reference current which discharges from the 
output capacitor (164) dirough die bleed resistor (166) who-e no element of the printtiead (44) is activated. The method includes: supplying 
regulated power to the printhead (44); storing the regulated power in a o^acitor (164) so as to provide a dc voltage across the capacitor, 
shifting the dc voltage level stored in die capacitor (164) from a low state to a high state; measuring a test current discharging from die 
capacitor (164) when an element of the prindiead (44) is activated: measuring a reference currrat discharging from the capacitor (164) 
duough a bleed resistor (166), when no elements of the printhead (44) are activated; and comparing the measured test cunent with the 
reference current 
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INK JET PRINTER, METHOD AND SYSTEM COMPENSATING FOR NONFUNCTIONAL PRINT 
ELEMENTS ^ 

Fieiidol; tHelrivCT^ 

The inventioh relates to multipass ^^i^^^ More particularly, tha invention relates to a metliod and 

5 syst^rn for dMecting one or niiore^ f tiiereafter compensating for tiie one or more failed ink jets witii 
tKei^ 

DiBScriPtlon of the Related Technoloov 

lyiulti'pass printing is a technique used to reduce banding in ink-^jet printing. Dots of ink, when still in liquid 
TO form, tend to run together due to surface tens^^^^ This is referred to as coalescence. To print a high quality image 
it is irnpprtant to print individual round dots. But to achieve fufl saturated colors, the dots must overlap to 
V complrtely cover tiie^^p^^ printing 
adjacent dots during each printing horizontal 
adjacencies, t^e transversespeed of the prihting^ m^ times the rated print speed 

■ ...iS: ::' ..:;V:iiif:'tiiexip " :. 

Multi-pass printing is accohiplished by filtenng imagiB data using a print mask to determine which dots 
are to be printed in each swath> A swatfi is def iiied as a rcgion^or portionrof a recording medium which is printed 
upon by a ghen portion, or print pitniKc|adcailrid^ ink jets, as the printhead 

part ridge passe^^^^ the recording: Jhe : s^ successively aiiyaricef ; through e^ch ; print zon^ : a[f ter ; each 

20 pass of the printhead and B partially: prih^ The printing of a swath is completed after it has 

successively advanced through 

In multi-pass printing, each jet of a printhead is assigned the role of ejecting ink, as necessary, onto pre- 
specHied areas or "dots' on a raster Tuie Which is currently m the jeVs respective print zone. However, a jet 
sometimes fails either due to being clogged or electrical problems in itis firing circuitry. When this occurs, the pre- 
25 specified areas which are assigned to the failed jet in accordance with a respecthre jet mask, are not printed upon. 
Therefore, if one or more jets fail and theiie are many areas in which intended ink drops are not deposited, the 
quality of the printed image may significantly suffer. 

Prior ait methods have dealt with this problem by utjTizing auxifiary jets in the printheajd which are assigned 
the task of .replacing failed jets. However, this method is inefficient because these auxiliary jets are inacthre during 
3D periods when there are no jet failures. Therefore, the auxiliary jets represent printhead resources which are not fulhr 
utilized to their maximum potentiaL Additionally, in order to safeguard against situatiorijs; in which multiple jets 
shnultaneously fail, not just one but a bank of multiple auxiliary jets are set aside in the printhead for taking the 
place of failed jets. Although printheads having multiple auxiliary printheads improve the reliability and quality of 
the images produced by the printer, these printheads are more costly, larger and, therefore, require more space m 
35 a printer than those printheads without auxB'iary jets. 
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A bask premise of ink jet printers is that all ink Jets must "fire" properly {l.e^ eject ink droplets) or the 
quafity of the present image may be derated. The dieteclion of nonfuncthinai ink jets, otherwise referred to herein 
as "open jet detection," is a method of deterttiiDlng whicli jets withm a pilhthead caitridge are electricaBy 
nonfunctktnal. This electrical non-functionality can result from open traces, damaged drop ejectnn resistors, changed 
resistance values, or poor contact between the cartridge and a "flex circuit" which provides control signals to the 
cartridge. All of these errors may cause one or more jets of a printhead cartridge to not fir^ or fire improperly, 
resulting in anomalies in the printed imag& 

Defecthre jets can also resuH from dogged Jet nozzles, Current open jet detection me^^ unable to 
electronically detect ctogged jets that are stiO etectncajiy cpirect. executing a prime prtat 

using « Bnnthe8d cartridge under test; and flb 
manually Input tt« address or refwence desi^^ 

^ f ilefective or nowfiiwctionarjeti, 0^ the jet W ii all 

nonfunctional jets in the respective priiithcad cartridj^. ^ oj^atiiig jet iist, a! liser i^^ilie irtt j^ 

may be notified as to when a printhead cartridge has an «n«3»ptable number of nonfunwlohat^^^^ 
prior art methods utilized this open jet fist to coinperisate for thV jets with one or inore auj«ary 

jets in the printhead cartridge. 

A common way of measuring current in a circuit is to measure the voltage across a r^istor in series with 
the circuit. Prior art methods of detecting nonfunctionaljets have u« 
printhead circuitry as one or more jets In a^ p 
20 cartridges has four sets of 14 pts. Firing all the jets requires a sequence of 14 separate firings for the 14 jets m 
each set. During testing, only one jet in each set of jets is turned on at any instant in time. There is a resistor 
in series with each set of jets for each cartridge for a total of 16 series resistors. The voltage drop across a series 
resistor is due to a single jet firing. However, if no jet in that set is firing, the voltage drop win be zero. The 
voltage drop across each of the series resbtors is typically connected through a diode to a common point and 
25 compared to a reference voltage. The output from the comparison is an indication of whether a jet is property 
functioning. By firing each jet one at a time, it can be determined whether each one has electrical continuity. 

The abovo'descrited method becomes less desirable as the number of jets and, hence, the number of sets 
of jets, increases, necessitating an increase in the number of series resistors. These Mries resistors waste energy, 
generate heat, waste board space and cost money. The prkir art method also has limited functionality in that it only 
Indicates that the current through a jet was greater than or less than some predetermined threshold. This ty 
indication does not distinguish between the different types of problems which ihay cause an ink jet to misfire, or 
not fire at aO. For example, the prior art nirthod caniwt distinguish betwren a shorted pow 
line, or a damaged drop ejection resistor in an ink jet printhead. 
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Summaiv of the liiverition 

The invehtion provides a detects nonfunctional ink jets in 

a jet group and utill^^^^^ any riBmainmg group to compensate for the one or more failed jets in that jet 

grouprwithout the utilization of otherwise idle auxiliary jets. The method and system of the invention accomplishes 
S this task by assigning nevy replacenient jet masks to the remaining jets of the jet group such that all areas, or dots, 
on a respective rastier lirie are accowted f or^^ Furthermore, ttiieise replacement jet masks avoid forming horizontally 
and vertically adjacent dots during a single pass of the^p 

In one embodiment oi^i^^^ an ink jet printer 

includes: a: pHrtthead hav^ ink jWjsi^ in each print zone/ 

10:: assigihed to i^to 

are divided iiito a plurathy of jcrt gWiifes^^ group having at least one ink jet in each print zone; a plurality of 

jet group masks corresponding to a respective one of said plurality of jets groups/^herein each jet grouj) mask 
allocates the printing of dots on a respecthre raster line to ea ch of the in k; jets of a respective jet gro up; and a 
replacement jet group mask which replaces the jet grqupmask f or a jet gfoup haying one or more nonfunctional ink 
IS jetsr wherein 

the jet group having one or more npnfun^^^ As a result^^ ink jets so as to of 

the jet group compensate for the one or nn^^ jets;: thb in that jet group. In a preferred 

embodiment, the above-described system of the invention does not;^^^^ jets which are idle during times 

: d normal bperat 

20 In ahbfher embodiment, an ihk# prints includes: a prihthead having a pluramy of mk jets, each ink jet 

being assigned to print respective dots on a respective raster line of a recording medium m accordance with a print 
mask, wherein when an ink jet is detected as being defectivie, at least a portion of siaid print mask is replaced with 
a replacement print mask such th^ one or more of the remamin|g ink jets of thie plurality of ink jets compensates 
for the defective mk jet. In a preferred embodimen^^^ ink jet printer does not utilize^^ a 

25 which are idle during times of normal operation. Therefore, the resources of the printhead are maximized. 

In a furtte^^ an "lie jet in a jet group is detw^^^ as being 

non-functional during a printing process, the repfacement jet masks assigned to the remiaining functional ink jets in 
that jet group successWely replace the original jet masks of each respecthre ink jet in that jet group one print zpne 
at a time, per pass of the pr'mthead over the recording medium, so as to provide a gradual transition from the original 

30 jet group mask to the repiiacmeht jet g^^^ 

As described above, if one or more defective jets are detected during the printing process, the method and 
system of the invention successhrely updates the portions of the print mask corresponding to only one print zone at 
a time. For example, if a defecthre jet is detected during printing, then prior to the next pass of the printhead over 
the recording medium, the jet masks corresponding to print zone 1 are updated and the printhead is then allowed 

35 to make another pass over the recording medium. Prior to the next pass, the jet masks corresponding to print zone 
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2 are updated, and so on. In this way« if a defecth^e or nonfunctional jet is detected during the middle of a printing 
job, a smooth transition from the original jet group mask to the replacement jet group masked is achieved. 

In another embodiment in the printer described above, the plurality of replacement jet masks are 
sequentially numbered and assigned to respective remaining functional ink jets of the first jet group based upon the 
print zone numbers of the remaining functional ink jets such that ascending replacement jet mask numbers correlate 
with ascending print zone numbers; and when said first >^ ?|oup is adjacent io said second jet group, the plurality 
of replacement jet masks are assigned to respecthre remaining f^nctro^^^ 

a rptatjon scheme such that the order of assignment of the pluraRty p masks to respecthre 

functional ink jets in the second jet group b rotated when compared to the p of assignment of the pjuralrt^ 
replacement jet masks to respecthre functional ink jetV in the; first jej gro^^^ to; avoirtJhe assignmsnt of 
identical replacement je^ inaisks tP iadjac^^^ ink jets in piie ipHnt: zone, 

JTie iiivem^^ rriuHi-pass printing ^ cdal^ceiieO 

: ^^^^ ^y *?^^^^^^^ whfch avoids the printing oif y^^ 

a single pass of the printhead over the recording medium. If adiaceiit^^j^^^^^^^^ 
assignment of the replacement masks to the remaining functiphal jets of a second jet %oup is rbtat 
adjacent functional jets do not have idCTtical replac^pnt m^ wayrvertical ad||acencies aiw minimbed. 

In yet another embodiment a method of compensating for ripnfunctibnal ink jetsam 
includes a priruhead having a plurality pf ink jet$. each ink jet being assigned to print respeictjye dpti^^^ 
raster line of a recording medium in accordance witfi a pcint mai^^k; jri^ vi?tten j^tie Qrr liliii^i m^^ 
determined to be nonfunctionat replacing at least a portion of the print mask with a replacement print mask such 
that one or more of the remaining ink jets of the plurality of ink jets compensates for the nonfunctional ink jet In 
a preferred enmbbdiment, the abp verdescribed method does not utilize auxiliary jets, which are idle during iimps of 
normal operation, to compensate for the one or more nonfuhctiohai ink jets. Therefore, the resources of t^ 
printhead are maximized. 

The invention further provides significant advantagesover the prior art by providing a method and s^em 
for detecting nonfunctional elements in a ink jet printhead that does not require series resistive elements to measure 
current in the printhead. In the method and system of the invention, the current required to fire an ink jet is not 
measured by measuring the voltage drop across a series resistor, but rather, by measuring the discharge rate of an 
output capacitor connected to an output of a switching power supply as one or more elements of the printhead are 
activated. By measuring the discharge rate of the output capacitor after an ink jet has been fired, or after a power 
fine to the ink jet has been turned on, or after an address line to the ink jet has been turned on, for example, and 
comparing this test discharge rate wrth ia reference discharge rate, the invention provides a very effecthre and 
accurate solution to the problem of determining whether there is a defecthre ink jet, a defect'nre power line, or a 
defective address line, for example. Once such a determination is made, mformation regarding a defecthre element 
of the printhead may be stored in memory. For example, if a ink jet is determined to be defective, its address may 
be included in the open jet list described above which is stored in a memory of the ink jet printer. 
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As used herein, the term "element" may refer to any component, such as an ink jet a power line, or an 
address line whhin a printhead cartridge, or any other cdrtipdhent within an ink jet prihthead cartridge. Additionally, 
when ah element is said to be "activated," this term niiay refer to the turhihg on of a power line or address Rne, 
or the firing of an ink jet, or the turning on of any of the various other components in the ink jet printhead cartridge. 
5 As used herein, the terms "element" and "activate", and any cbmbinatibn or conjugations thereof, should be given 
their ordinary broad meaning and scope. Additionally, unless otherwise indibatlBdi the terms "printhead" and 
"prihthead cartridge" are used synonymously a^ 

The improyed detect^^^^^^ it takes for power supply 

capacitprs supplying power to one or more ink jet carlfidges to d^^^ of current. The average 

10 current supplied by the capacitb 



■wherejC is the capacitance of the change iKiiraKjig^^ and 

dT is the time measured for the voltage change to occur. A switching power supply which supplies power to the 
ink jet cartridges is enhanced to provide this meastirement capability by the addition of two functions. Ina: preferred 
enibodvnent, a first function increases the quiescent output ypltage jeyel by^ a^^^ amount equal to dV and thereafter, 

15 decreases the quiescen^^ 

operation until the output capacitor iC^) 108 dischartieis to its original quiescent levels. In other words, the switching 
power supply will temporally cease providing ah output pube waveform until the output capacitor (0,) 106 discharges 
to the original levels. A second function detects When the. switching: p^^ after the 

vdltage acrbss the capacitors has dec^ei^ed to Hs bi^igUal level In this wdy, the tirhe retjtiired f br the butput 

20 capacitor to discharge an amount of current which chai^j^^ the voltiage across the capacitor by an amount equal: 
to dV can be nieasured. - 

In order to dietect clogged ink j^ts, the dbtdction nbet^^ and syiteiW of the invention can ajiso utiGze the 
printing of a prime pattern. Thereafter, an operator can visually examine the prime pattern and determine which ink 
jets, if any, are nonfunctional, the operator can then manually input the reference designation or address of each 

25 nonfunctional ink jet mto the open jet list, for example. As described above, this open jet list may be used to update 
print masks stored within a memory of the ink jet printer, or notify the operator vvheh a particular printhead cartridge 
has an unacceptable number of ribhf uhctiohal ink jets. 

In one embodiment of the invention, an ink jet printer system for detecting a nonfunctional element in an 
ink jet printhead, includes: a switching power supply, coupled to the Inkjet printhead, for supplying power to the 

30 printhead; an output capacitor, coupled to an output of the switching power supply, for storing a dc voltage therein; 
a bleed resistor, coupled in parallel to the output capacitor, for discharging current from the output capacitor; an 
output shifting circuit, coupled to the switching power supply, for shifting the dc voltage level across the output 
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capacitor between a low state and a high state; and a sensor, coupled to the output of the switching power supply, 
for detectmg when the switching power supply is switching, wherein an element of the printhead is tested by 
measiinrig a test current dischargihg from the output capacitor when the element is acthrated and comparing the 
"^""^"^ with a reference current which discbarges from the output capacitor through the bleed resistor 
when no elmeht af the pirinthead te^^ . 

^^^^ ^^^^^ ink jet printer sys^^^ in an ink jet 

printhead, Hicludes: means for supplymg regylated power to the printhead^c^^ the means 

for supply^g PPW^Tr for storing a^^l^ from the capacitor 

mMns;meaiwforshif^^^ 

with a referehte curfeiir 

miedris thrdugh oiily the^ 

In a f urther embbdiment; a method of detecti^^ a itonfunctidhal element In an mk jet printhead includes the 
acts of: supplying regulate^ power to tbe primheadrstoripg the regulate^ 

dc voltage across the capacitor; shifting the dc voltage level stored in the capacitor from a low state to a high state; 
measuririg^ test current dischargihg from the capacitor when an element ^fth(? p is activated; measuring 

a reference current discharging from the capacitor through a bleed resistor,when no elements of the printhead are 
activated; anci comparing the mealed test (»ir^^^^ with the reference: cuw^^ 

Brief Description of the Drawings 

Figure 1 is a block diagram of the components of an ink jet printer system^ 

Figure 2 illustrates a pbrtibn of a print mask fd^ a 104 jet pririthe^^ 
to a six-pass multi-pass printing configuration. 

•"'flu^e 3 illustrates she jet masks corresponding to jet group # 2 of the print mask of Figure 2, each jet 
mask corresponding to a respective jet and a respective print zone. 

^^^^^ """s^f^^es the dots on the raster line which are printed in each p^^ in accordance with the 
six jet masks of jet group # 2 of Figure 3, as the raster line on the recording medium is successively advanced 
through each print zone. 

Figure 5 illustrates the printing configuration of successive swaths of a recording medium as the recording 
medium successively passes through the sbt print zones of the printhead of Figure 2 when using the print mask of 
Figure 2. 

Figure 6 ilustrates a first replacement jet group mask for a jet group which has one defecthre jet, in 
accordance with one embodiment of the invention. 

Figure 7 illustrates a second replacement jet group mask for a first jet group which has two def ectWe jets, 
in accordance with one embodiment of the mvention. 
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Figure 8 illustrates a third replacement jet group: mask for ji jet group which has three defective jets, in 

acciordance withiion^^ie^^ 

Figufe 9 illustrates a fourth rieplacemeht jet grdup masic for a jet group which has four defecthre jets, in 
accordance with one embodimem^^^^^ 

5 Figure 1 0 illustrates the torrelatioii between each of the six print zones and each replacement jet mask of 

' the first replacement ^ g 

Figure 1 1 illustrates a portion of a print mask when jet 12 in jet group 12 is determined to be non- 
functional and jet group mask 12 has been replaced by the first replacement jet group mask of Figure 6. 

Rgure 12 illustrates the printing configuratipn of $ucc^^ of a retording medium as the recording 
10 medium successively: p^ through the six print zones of the printhead of Figure 2 when using the print mask of 
Figure- 11. 

Rgure 13 illustrates identical replacement jet masks assigned to adjacent jet^ each print zone. 

Figure 14 yiustrates the first replacement jet group rha^ its individual jet masks rotated 

in a round rbbin f aisbion to be utifizied: oh:\a^^^ 
.15 : RflurS 15iM the f replaceme 

rotated vei^i6fi ;df l^ as^ifiited to a i^i^hd group, 

adjacent the first jet group/ in accoi^ance^ 

Rgure 16 illustr^^^ ciituit^ cpupj^^ 

to deterr^^^ 
20 inventions 

Rgure 17 iilustrates an ink jet matrix which exemplifies the relationship between each ink jet in an ink jet 
cartridge and their corresponding power lines and address Tnes. 

Figure 18 is a riespohse curve wtiich illustrates & decrease iii voltage level across an output capacitor as 
the capacitor discharges. 

25 

Detailed Describtion of the Preferred fenbodiment 
The invention is described in detail below: with reference to the figures. 

Raf wing to Figure 1, various components pjf a typical mk jet printer 54 are jnustrated. These various 
cpmponents include.the cqntrqi electronics inside the ink jet printer 54 which are used to comrol ink droplet ejection 

30 from the ink jets of a printhead cartridge 44 of a printhead carriage 42. A host computer 50 communicates with 
a processor 52 integral with the ink jet printer 54. The host computer 50 runs driver software which issues print 
commands and sends data to the ink jet printer. As in conventional ink jet printers, the processor 52 communicates 
with a display and keypad 56, memory 58, and drive circuits 60 which control the print carriage motor 62 and paper 
motor 63 as well as powering a fan 66. In addition, the processor 52 routes signals to print logic 70, which 

35 actuates the ink jets of each printhead cartridge 44 located within the printhead 42. The ink jet printer 54 further 
includes a switching power supply 80, coupled to the printhead cartridge 44 of the printhead carriage 42, which 
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provides power to fire each individual ink jet of tlie cartridge 44. Tlie system comprising tiie switcliing power supply 
80 and the printhead cartridge44, coupled to the output of tlie power supply 80, is described in further detail below 
with refironeB tfi Figurd 16. 

The processor 52, in accordance with internal firmware stored in a portion of the memory 58, selectively 
ejects ink droplets from the ink jetS: of each cartridge 44. The programming of the processor thus determines which 
ink jet of the priiithead cartridge 44 is assigned to be iised to eject an ink droplet onto any given grid tocatwn of 
the printed image when the relevant swath being printed caii for aidropleta^^ bi multi-pass 

printing, for example, the set of nozde to grid Iqcatjoti ass||nments Is cpniinpniy ref er^ a print mask, and 
the print mask definition is stored in memory 58 in the ink jet printer 54. The function and operation of a print 
mask is describf^ in further deta^^ 

"^^srrihg to Figure 2, one example of a print mask 100 having sbc print zones 102arfi and 17 individual 
jet masks 104 within each prht mt ^02A^f (for a total of T02 individual jet rtiasks 1]|0; is illiistrated. A separate 
print mask 100 is defined for each printfflode (number of passes) supported by^ 
throughout the processing and printing of an image. The print mask 100 is ^de up of the in^^^ 
that determine the dots fired by each jet 6 priiithead: TiiMe indivMuai |et TO^ 
adjacent jets on the printhead do not print horizbfitatly or veitically ac^oceh 
printhead across the recording medium. As described above/ by avoiding horizbiitat and vertical^ 
anpmafies and distortions caused by the coalescence of adjacent dots are substantiajly reduced. 

As shown in Figure 2, the indivWual jet masks 104 are arranged into zones 102a:f that correspond to the 
number of passes for which that print mask was designed. A set of jets having one jet from each zone makes up 
a complementaiT jet group. Jet masks for each jet in a jet group makeup a jet group mask. ffOr example, jet mask 
no.'s 2. 19, 36, 53. 70 and 87 make up jet grouji mask ho. 2. Figure 4 illustrates one embodiment of jet group 
■""^ ""'^ ^""^ jet masks 2. 19, 36, 53. 70 and 87. These six jet masks 2, 19. 36. 53, 70 and 

87 correspond to the sn print zones 1, 2, 3, 4, 5 and 6, respectively. 

During printing, each print zone 102a f prints a swath of the recording medium. Referring again to Figure 
2, a swath may be defined as the set of seventeen vertically adjacent raster lines on the recording medium within 
each respective print zone. However, it is understood that the invention is not ym'ited by any specific number of 
raster Bnes in a swath or jet masks in a given print zone. Different embodiments are envisioned which contain 
different numbers of raster lines per swath and/or jet masks per print zone. 

Referring to Figure 4. each jet mask 2, 19. 36, 53, 70 and 87 of the jet group mask of Figure 3 is 
illustrated withjn Its corresponding print zone 1-6. Each raster Ene in a swath is printed by a single jet group with 
the work being shared between the members of that jet group. For example, during a first pass of the printhead 
over the recording medium, a swath of the recordiitg medium is in print zone #1 and the second jet of the printhead 
belonging to jet group 2, prints dots on a corresponding second raster line 302 of the swath in accordance with jet 
mask 2 of Figure 3. Figure 4 further illustrates the allocation of dou on a single raster Km: 302 In accordance with 
jet mesks 2. 19. 36, 53, 70 and 87 of jet group mask 2, as the single raster fine 302 advances through each print 
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zone 1*6. As shown in Figure 4« jet mask 2 indicates which dots on the second raster line that jet 2 is responsible 
: for printing. If the im^^^^ is responsible for, this dot 

is printed during the first pass of the printhead over the swa^^^^^ in print zone 1. 

After printing the swath in print zone 1, the rerardirig media is advanced by an amount equal to the size 
5 of one zone such that the swath is now in print zone 2:. When ttre swath is in print zone 2, the second raster line 
302 is aligned with a jet of the printhead which is a member of jet group 2. In print zone 2, the second raster line 
302; which has been partially printed upon by the second jet when it was in prin 1, is now printed upon, as 
necessary, by the nineteenth jet of the printhead during a second ^ of the printhead over the recording medium. 
As discussed above, the nineteenth and jts cprresponding jet mask 19 is the next member of jet group 2 which 
10 is respqiisible for printing the second raster iiiie 3Q2 in the; swath. Jet m^^^^^ 19 allocates which dots are printed 
by the niriieteentli jet. 

Afti^r printing the sw^^^^^^ print zone 2, this recp^^^^ 
to the. si^e of one zone su^ swath is now ih print z^^^ 302 is 

aGgned witti a 36tb jet oi the in accordance with jet 

...is: ^ • ::mask:'36r-auniS^^ 

TH& abdve-d^ zoriiB. As 

shown in Rqure 3/ after t^^ each of this 
six print zpne^/iajl the dots of tte 302. are actpuh refers to any 
area ; of ; a liy ihape or size on a : reicQrdilt^^ a jetv : 

20 Figure 5 iHustrates adjacent swaths of a recordings various stages of a six- 

pass (hence, six zone) printing process, the configuration pf dots, on the. recording:medium represents all the dots 
which iriay bi^ printed ni a ghreh zone pliis an previous zones. In the exaihpldi shbwh, the iitiaige to be printed on 
the recording fhediuih Is a sbTid Imaige, otherwise known as a 'cblb^fill/ cbvemg^ entire printable surface area. 
As shown in Figure 5, each dot is within a square box which represents the area on the recording medium which 

25 is intended to be covered by the dot of ink. However, it is understood that these square boxes are illustrated merely 
for purposeis of distinguishihg the different areas or '^dotsf on the retording on the actual 

recording medium. It is further understood/ that the dots printed on the recording medium may have overlapping 
areas such that there are no spaces between adjacent dots if a solid nnage, or full "color-fiir Is. desired. 

Open jet compensation is a modificatkm to the multi:pass printing method described above, which allows 

30 for the use of information regarding defective or non-fuhctidnal jets to dynamically modify the priiit masks of a 
printhead to compensate for the non*functibna| jets. This type of compensation scheme typically results in minimal 
degradation in print quafity and no degradation in printing speed when there are relath/ely few defective jets in each 
jet group. Although the following discussion focuses on a printhead configured for six-pass mode printing in six print 
zones, and having seventeen jet groups, each jet group having one jet in each print zone, it is understood that the 

35 invention may be implemented in printers having printheads with different numbers of print zones, jet groups and jets 
in each jet group. 
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to 

If a jet group contains defective jets, the jet masks, for the entire group are replaced with a replacennent 

jet group miask thiat is appropriate for the hiimber of fiihctibhal jets remaining in that group. In one embodiment, 

the maximunn humber of jets in a jet group is 8. Therefore, replacement jet group masks have been defined for 2, 

3, 4 and 5 jets remaihjng. These replacement jet group maskis take the responsibnity of away frcm the 

5 defective jets and assigns the responsibility for printing th^ entire raster fine to the rem 

' that Jet groups 

Defecthre jets can result from open traces, damaged drop ejection resistors, changed resistance^^v or 
poor contact between the carfridge and the "fbx circuit' which provides control signals to the cartridge. As 
discussed above, defective jets can also result from clogged jet nozzbs. AH of these errors will cause a jet or jets 

10 not to fire, resulting in anomafies ki the printed image. The inyemion may utilbe any weltkhown method b^ 

of detecting def ettivie jjits in ink jet printers. After one or iiidre jets have beeli detennined to be hbh-fuhctibnal, a 
list bf the defect^^^ be jgi^erated/^^ autjpinijaticany bperiator of t^ 

printer; and stored a memoiry of the jnk-jet printe^^ 1^^^^ jets may then be accessed as 

necessary to update the print masb 

15 improved method and system fd^ daf i nbiifunctloni$il ielel^ ia: prihtiiead is utiijiEed to detect : noniNin^tional 

'"'^ l^ffl"'^ '^''^"^P^ i^^^)'^*!!' 9^^ Wnctionai ink: ^S; This novel 

detection method and system is desprhed in greater dd^^^ 

Ref ejrroig tp F wre 6. assuming that ope jet in a jet group has beeii determined to ba nonrf unctional a first 
replacemem jet group m 

20 of the entire raster line to the five ren^iaihing, functto of the jet group. The first repiacement jiet grpu 

500 includes indh^idual replacement jet masks 501-505. When one of six jets in a jet group fails, that jet is shut 
off* or cdmpletely masked, and th^^^^ masks for the remaining fwe functional jets of that: jet jgrbup are 

replaced by the replacement jet masks 501-505. 

For example, if a first jet corresponding to the first print rone has been determined to be non-functional, 

25 the first jet in the first print zone is simply turned off, or completely masked, such that it emits no ink, and 
replacement jet masks 501-505 are assigned to the remaining jets of that jet group. In one embodiment, the 
replacement jet masks 501-505 are assigned to the remaining jets such that replacement jet masks 501-505 are 
assigned to the remaining functional jets for that jet group by order of ascending print zone numbers for each 
remaining functional jet. If the jet corresponding to print zone 1 has failed, then the first functional jet, by order 

30 of ascending print zones, is the jet m prmt zone 2 for that respective jet group. Therefore, replacement mask 501 
is ass'^ned to that jet in print zone 2. Similarly, the replacement mask 502 is assigned to the jet in print zone 3 
for that respecthre jet group, and replacement mask 503 is assigned to the jet in print zone 4, and so on. 

However, if the non-functional jet was determined to be in print zone 3, for example, the first functional 
jet would be that corresponding to print zone 1. Therefore, replacement mask 501 would be assigned to the 

35 respectm jet for that jet group in print zone 1, replacement mask 502 would be assigned to the respect'nre jet in 
print zone 2, and replacement mask 503 would be assigned to the respecthre jet in print zone 4, and so on. 
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As shown In Figure 6, by replacing the original jet group, mask with the first replacement jet group mask 
: 500, wlien a jet of a jet group is^^^d^^^ for the hoh* 

fuhctidnal jet is allocated among the r^^ this way/a tibmp^^^^ having no 

dots unaccounted for, may still be produced by that jet group. 
5 Referring to Figure 7, a second rep1$cement^j^^^^^^ 

jets is illustrated, the second set d^^ 

corresponding to one of the four remaining jets Similar td the aflocation scheme described above 

with reference to Figure 6, the re^ order 
of ascending print zone numbers, jt-pr exampiiei, jf a jet group has npn-ftjncti(inal jets In print zones 1 and A the first 
10 functijonal i^ would be that in print in print 

zone 2, replacement mask 602 vv0^^ zone 3, replacement iiiask 603 

would be assigned to tHd edrrespdnding jet in p^^^^^ 5 and re0iac^m 
. corresponding jet in print zdni 6. As shown in Figure 7r the reptaca^^^^^ 

functional jets of a jet group having two hdn^functldnai jets to piririt a complete r^^^^ dots 

^5-'^^''^/'lltl^^ '•^^•'■■■'■■■■■'■'■'^^ 

Figure 8 fllii^raites a third i^placemient j€|t grqup^^m^^ thrive mm-fiinctiohal j^^^ 

the thord seit of replacernent mliski 7lC^^^ ta the three 

rema^^^^ functional jets of a jet group detM^ In pne embpdirnent, the 

: 701-703 jarpk^a^ as 

20 discussed above with refer^ce to Figures 8 and 7: Ais shWh in Figure 8^ the rep^^^^ 

the remaining jets of a jet group, having three non functional jets, to print a complete raster line 704, with no dots 
unaccttuntedfdr: 

Figure 9 Hlustrates a f duHih set of rMdcemenf m^^ a jet group having four hoh-f unctibnal jets. 

The fourth set of replacement masks80p indudes replacement Masks 801 and 80 are allocated to the two 

25 remaining functional jets of a jet group determ'med to have four non functional jets. In one embodimehti the 
repliacement masks 801 and 802 are assigned to the remaining jiets by order of ascending print zone numbers, as 
discussed above with reference to Figures 6, 7 and 8. As shown in Figure 9, the replacement masks B0 1 and 802 
allgw the remaining jets of a jet group, having four nonrfunct'ipnal jets, to print a^^ 803, with no 

dots unaccounted for. 

30 In order minimize coalescence and to maintain full speed printing, hdrizdntally adjacent dots are avoided in 

the design of all the replacement jet masks. For this reason, at least two jets in each jet grbiip should remain 
functiorial f or the abdve descn'bed replacement scheme to avoid the simultaneous printing of horizontally adjacent 
dots. As described above, the simultaneous printing of adjacent dots often results in coalescence and a degradation 
in printing quality. Therefore, in one embodiment, if there are less than two functioning jets in any jet group, the 

35 operator is instructed to use a print mode with more passes or to replace the print cartridge. 
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Figure 10 inustrates the replacement ma$ks 5Q1^ of the/irst replacement jet group mask 500 assigned 
to the: remaihihg jets of a jet group having one non f unctionai jet, each remaining jet being In a respectiye print zone. 
As shown iii FQure 9/the defective, or non-fuhctidnaV j^^^^^ is located in print'zohe 1.1%^^ in print zone 

1 is completehr maskedr or turnied oft such that no dots are fired on^^ of a recording medium 

5 in print zone 1. As the recording medium (e.g., a sheet of paper) advances uiul^r the printhead In the direction of 
arrqvys 902, ^he raster fine advances to the next print zone land the hext jet in the respecthre jet group may print 
dots on the raster line in accordance whh the replacement jet mask 501. As the recording medium continues to 
advance In the direction of th^ arrows 902, the raster line suci^shreiy parses throiigh each of the priht zones and 
the successive jets of the respective jet group print dots on the raster line iri accordance with their respecthre 

10 replacement masM SpVS^^^^ print zortes, each dot, 

or designated priPting area»yo^^^ is accounted for, as shown by the completed raster 

Figure 11 shows a ppi^ion ipif a print mask having^ the first replacement^^^j 6 
assigned to ^t : group 12 tecaM^:^^^^^^ groupi 1:2:haf |^ tq n&nrf unttibhak Not^ that jet 

12, in print zone 1, of Jet gro^^ dots on 

15 its respective raster linje. Thireniiamlhg j«i29, 4 aiid 97 of jet ^ 

"n^ski SOJ^S^^ to cdnipehs^ tfe hqn-f uHctjon^ 12. 

Figure 1 ^ iilustrate?! adjacent swaths of a recbi^ihg #ditini^^^ ohe dr mbre: st ages of 

a six-zone assigned tipt^ j^^^^ 

Note that raster line 12, corresponding to the non functional jet 12, in print zone 1, does tiot have any dots printed 

20 on it. However, as this raster line advainces through each of the successive stages/ h will be completely ''^^^^ in* 
with dots. As shown in Figure 12, after raster line IZ has completed printing m print zone 6, all of the dots of the 
raster line are filled in. 

In Figure 12, the configuration of dots on the recording medium represents all the dots which may be 
printed in a given print zone plus all previous print zones. In other words, in the example shown, the image to be 

25 printed on the recording meidlum is a soEd block of ink cpveriiig the entire printable ^uif ace area, otherwise referred 
to as a color fill As shown In Figur^e 12,^ each dot is within a square box which represents the area on the 
recording medium which is intended to be covered by the dot of ink. However, these square boxes are illustrated 
merely for the purpose of distinguish medium and are not necessarily yisib^ 

on the actual recqrding medium. Furthermqre, the dots printed on the recording medium may haye pverlapping areas 

30 such that there are no spaces between adjacent dots if a solid Im^^^^^ 

For a given number of nqn-fiinctiohal jets in a jet group, the same set of replacement masks, corresponding 
to that nufiiber of non functional jets, is used regardless of which jet in the jet group is identified as defecthre. As 
shown m Figure 11, when replacement masks are applied to the overall default print mask for the entire printhead, 
some vertical adjacencies will occur. The occurrence of these vertical adjacencies is infrequent and results In minimal 

35 quality degradation. 
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wo 99/08875 ^^^^^^^^ 
Howeiyer. if jet^^^^^^^ 

defective fetw^T^^^ 

consequentiy, significant pmt quaDty degradation* 

In order to avoid using identical replacement masks for advent jets in a print zone. ^ rotation scheme is 
used for the placement Qf the replacement masks. For example, if a jet fails in jet group 1i then the replacement 
10 jet masks 50 V505 (Fig. 6) are successively applied to the remaining functional jets of jet group 1 in the order 501, 
502, 503; 504 and 505; Each replacement mask 501-505 Is assigned to; its respectWe jet by order of ^ a^^ 
: : priht zone w ifails in jet qrbup 2^^^ 

such that they are app 

501; This rote tk^n process is repeated each totte another^ group 3, is 

•15 dirt^^ 
• " 503, 504, 505, 501 and then 502, 

of a jet greup is now 502, 503. 504. 505 and then back to SOT. Note that replacement mask 502 is now the first 
20 one which is appfed to the remaining functional jet in the lowest print zone, replacement mask 503 is dpplled to 

.thejFuirfi^ib^ 
. ..: to be applied. 

By rotating the order of 

vertical iadjaccftici^ 

25 cartridg^^^^^^^ 

r seicondii^^l^ B^PUP is ais«i itbiji^^ : 
jet grpups using ttie rotation scheme descrite^^^ In print z^iiei 2,; r^eplacement Tiiask 501 is applied to a f^st' 
remaining fun«^^^ 

jet, adjacent to the first re^ group, liius, there aire no vertical adjacencies between the 

; 3D :: : : dotf printed by . the: rma^^^^ the other print: zdnes 3^6 there 

are hb ideMcal replacem masks for adjacient jets^arid hence, nb^^^^^^ 

If hevy defective jets are detieicted in the middle of a plot, a firmware which updates one print 

zone of the print mask per pass of the printhead, allows for the smooth transttioh to bperi jet Cfompensatibn. Prh^^ 
zone 1 always prints on an unprinted swath of the recording media. Print zone 2 always overprints the region 
35 printed by zone 1 and must use jet masks that correspond to the ones used by zone 1 in the previous pass of the 
printhead, etc. if a new defective jet is detected in the middle of printing job, pnjy the jet masks corresponding to 
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print zone 1 are updated for the nejcf p^si of the prii^headv After cdmpletiq n of that pass^ the jet masks 

11i!i|iroce^^^ 

print zone liufitfiers^ lfl t^^ 

; pHbf^^^^^^ ^rif isub$eqiuent pri^^^ 

; 

The fblloiying;<^^ or 
pthpriMp^^ is 
understood that the invention 1$ not limited to the be1ow«de$cribed detection method and system faut may utffize any; 
detection method and system which is now or wil be known m the art. 

Referring to Hgiire 16, e schematic diagram of a ctrcurt for open jet detection in accordance with one 
embodiment of the invention, is illustrated, The circuit 16D includes the switching^power supply 80 of Figure 1 
which outputs a pufse square wave (VJ to an inductor (i,) 162, coupled tn the output ef the power supply 80. 
Coupled to the inductor 162 is a capadtor (C^) 164 which, together with the output inductor (L,) 182 forms a 
low-pass filter for the ioiftput of the switching power supply 80, As shown in Figure 16, the output of the 

iU) 162 end the output capacitor (C^) 164, cenverts this output putse square wave into a dc output voltage fH^ 
which is stored in the output capacitor (CO 164. An output "bleed* resistor (R^ 166 is coupled in isaraDel with the. 
qutpiw c|pacit©^ illi: and prflyidipsi curritot di^iii a 
rate which is inyeriisly preportiqnal to the^^^^^ of thrr|?istairio^^^ ISK Sifjfi^ 

supplies and lowrpass output filters such as those described above, and their principles of eperi^tioh, a^re weli known 
in the art; Thereforie, a detailed discussiqn of the functtoh and operation of the switching power supply 80^ and the 
lovv-pass output fiKer, cpm^ the mductor (L,) 162 and the capacitor (G,) 164, is not provided here. 

In order to regulate the output voltage V,^ of the switching power supply 80 and hence, the dc output 
vohage Vc present on the capac^ (C,) 164^ a feedback circuit is coupled te a feedback port (FB> on the switching 
power suppiy 80^^ The feedback circuit includes a resistor divider network coupled in parallel to the capacitor (C,) 
164, which dwides the dc output voltage (V^) into a desired f^dback volt age (Vfb) which then applied to the 
f^dback port of the switching powf r supply 80. The feieidback network consists of a second resister iRj) 168 and 
a third resistor (Rg) 170, As is weD-kribWii in the electronics: aits, the magnitude of (V^^ is related to the values 
■;of :Viy;fli;;;and:R3:hp^ . 



In order to regulate the dc output voltage (Vc), the feedback voltage (Vpg), which is directly proportional to 
the dc output voltage (VJ, is compared to a reference vohage (Vkf) to determine whether the output voltage (VJ 
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is within a desired voltage range. The reference voltagi3 (Vfi^) u capacitor (Gj) 176 which 

: is icofiiti^il^ 
sourx^i^ 

162 and (C^) 164, the vohage-divider resistor network comprising (Rj) 168 and {Rj) 170^ and the feedback regulation 
scheme briefly described above, are wall-known in the art and, therefore, need not be further described herein. The 
switching power suppV 80 may be any commercially available power supply which can provi regulated 
dc output voltage (V^). In one embodiment, the desired output voltage {V(^ is 13.5 volts at 8 amps, and the values 
of the various above described discrete components m provided in th$ follovving table; 

L\ C) Rj R^ R3 R4 C2 Rg 

tO/iH 400V/F IKQ 1.65KQ 1KQ 100KQ ZT^f SOKQ 

^; 

44 of Eijf^ 
whiiifr 

: : 'lurnedf 1 ^ yili^ 

ground and each of the ink iets 132* In one embodiment each of the switches 190 and 194 corresponding to the 

■:::::fiavi/^::S^ 

^ ; j^ovvfef lirt^^ 

ink : jetis tgz if or ^a^ povvier One;: 1^ . is cbijipied t^ : rei^eclh^ of 1 04; (8x13) 

iiikjets; J92^^^ 

tiiriiediiiihsai^^^ cSritluctibli:j^ 
electrical g^ 
jet: lS2a as sh^ 

swhchi0 jet raZe^ 

above, the switches 190 correspdndin 

lines ArAi^ ii^ay he bipolar NPN trarisi^iters^^w^^^ are acthrated by providing a specified current to their bases. 
However, other types of transistors and/or switches may be used to ectiva te the respecthre power or address Jiries, 
inacciirda^ 

RielferTing to Figure 17, an ink jet matrix 44i, corres;pbhdinig to the printhead cartridge 44 of Figure 1 6, is 
illustrated, the ink jet matrix 449 iHastirates the relatwhsWp between 

and address lines. Each of the power rmes PvPe is turned on and off depend^^^^^^ ink jet 192 

corresponding to the respectWe power line is desired to be fired. Similarly, each of the address lines AvA^ is turned 
on and off depending on whether an ink jet 192 corresponding to the respective address line is desired to be fired. 
Figure 17 further illustrates that, in order to fire ink jet 1 92a, for exampte, the switch 190 corresponding to power 
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iiine P, and thf s^^ 
d$ctrical;ciitiiit fiorn^^^ 

Fqym 17 Is ni^ aii^^^ 

betyifeen ?jM^ an ;a4di^ss |^^^^^ 192 are not 

5 necessary arranged on a printliead cartjndge 44 (Rg^re 1) in a matrix configuration as shown in Figure 17. Nor 
qre the i^ 3 pielerreil 

wnbpdiment> each infc jrt 1|a2 the firing 

of oneink je| 
is PgupliBd: tii^^^ffl 
iP; V Ai-Aw is j^^^ 

independent power fines P, P^ However, the address lines ArA,3 are common to all the prinihead cartridges 44 

within a prmthead carriage 42 (Figure 1). Therefore, as shown in Rgure 17, edch^of the address lines A|-A„ 

continue on towiard the next printhead cartridge 44 within the carriage 4Z 

Referring once again to Hgure 16^ the open jet compensation circuit 160 further includes a pull down 
15 resistor (RJ 172 and a pull down switch 174, coupled in series with the puNown rBsistor 172. In one embodiment. 

the pull-down switch 174 is a bipolar NPN transistor. As shown in Figure 18, the pull down resistor VR^) 172 and 

the piill-ilbiyrn^ are c^l^ 

with the third resistor <R3) 170, 

"Hie regulated dc output voltage (Vcl may be incremented by a desired amount by closing the switch 174 
20 and thereby pulling down the niagnitude of the feedback vohage {V^) whic^ 

the switching power supply 80. % 

the pull down resistor (R4) 172 and the circuit ground, thereby effectively adding the pull down resistor (R4) 172 
in parallel witli the third resistor (R3) 170 of the voltage-divider resistor network. By adding the pull down resistor 
^72 in pv^^ 

25 of the effective feedback resistance (R„) is governed by the following equation: 



30 



Because the f^^^ tliS efferniye^^f^ 

decrease tii (Rn) leads to a proportional decrease in (Vra). Wiiiii the f ee^ OQi is deCrea^^^^ 

°" • ''"^^^^ supply 80 

compensates for this decrease in feedback voltage by increasbig the regulated dc output voltage (VJ. The switching 
power supply does this by increasing its •switching duty cycle^'^ i.e., providing a longer pulse waveform to the low- 
pass filter comprising the output biductqr (LI j 162 and the output capacitor (C,) 164. The pulse square wave begins 
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charging the output capacitor (C,) 164, thereby raising the voltage level (V^ across the capacitor (d) 164. The 
switching power supply 80 continues to provide the pulse waveform output signal to the low-pass filter until the 
regulatecf output voltage (VJ is stabiked at a new higher voltage level The output voltage (Ve) increases until the 
directly proportional feedback voltage (Vn) reaches its previous voltage levels prior to the pull down transistor 174 
5 being turned on. At this point, the regulated output voltage (Vc) becomes stabilized at its new higher ^lue and the 
switching power supply 80 temporarily ceases switching* 

After the regulated do output voltage (VJ has b^n elevated to its new voltage level, it may then be 
decreased to its original voltage level by turning off the transistor 174« By turning off the transistor 174 the 
effective feedback resistance once again resumes its original higher value which is equal to the resistance of third 

10 resistor (R,^ T70. This in turn increases the feedback voltage level (V„) which indicates to the switching power 
supply 80 that the output voltage level (Vq) is too high. At this points the power supply 80 is not providing a pulse 
waveform to the low-pass filter, and therefore, the voltage across the output capachor {CO 164 is decreasing as 
current disdiarge^ from the capacitor (C|) 164. When no ink jets 192 are being fired^ or no power lines P^P^ or 
address lines A,-A,a are turned on, the output capacitor (C,1 164 stowly discharges ttirough the effective output 
. 15 resistance, comprising the series resistors 168 and Rg 170 of the voltage divider network, coupled in parallel with 
the bleed resistor (R,) 166, at a rate which is proportional to the capacitance value of the output capacitor (CO 164 
and inversely proportional to the effective output roslstance. 

: Referring tO: Figure ISi a voltage response curve illustrating the discharge of 
(Figure 16), is shown. The vertical axis of the voltage response curve indicates the magnitude of the regulated dc 

20 output voltage:(Vt) and:the horizomal am^^ response curve indicates time. At a time to the regulated output 
voltage is in a stabiTized, elevated state, indicated by Vh, and the puO down transistor 174 (Figure 16) is turned on« 
At time t„ the transistor 1 74 is turned of f, thereby increasing the eff ecthre: f eedbiack : resistance to: its : original, 
value of R3 170. This proportionally increases the feedbadc voKage level VFg whi 

power supply: 80 that the regulated output vohage Vc: is too high. At this point, the switching power supply 80 is 
25 not providing a pulse square wave output signal to the inductor {L^) 104 and capacitor (0,) 164 (Figure 16) and the 
switching power supply is effecthreiy turned off. 

From t, to tj/ the output capacitor (C,) 164 discharges at a rate which is Wersely prd^^^^^ 
resistance at the output of the switching power supply 8d,^^ l^^ from the discharge 0 the 

output capacitor (C|) 164 when no ink jets are beirt^^^^^^ 
30 by the response curve 400. As discussed above^ when no ink jets 192^:a 

lines are turned on, the effective output resistant^ of the sw equal lb (R^) 166, coupled 

in parallel with the sum of the series resistors (Rj) 168 and (R3) 173. However/ for purpoi^es of the fblldwihg 
discussion, we will treat the effecth^e output resistance as being essentially equal to the bleed resistor 166. This 
approximation does not change the analysis provided below. The time required for the ^0 
35 discharge through the bleed resistor (Ri) 166, such that the regulated output voltage (Vq) decreases from (Vn) to 
(VjcgV is illustrated as r *- tj - 1,. r is referred to herein as the reference discharge time period. 
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By ineesuring the refer^^ reqiared |op tha^^ (Vc) td decrease from 

a vahift «f y„ to: 

tts new iupfer value V„, uni^ the^oiht^m powir i^ply f«sun« outpiitting 

nvell-known in the art. 

Siniilar to the method of obtaining the reference discharge period described ej;ove, a test discharge perfod 
may be obtained for each of the following tondittons: (1 J when nnly a powar Jine P^-P^ is turned on; (2) when only 
an address line A, A„ is turned on; and (3) when a jet is turned nn (i.e,, its corresponding power line and address 
. 15 line Is simultaneously turned on). In one ambodhient, the afaove described test discharge period is measured for 
• ' ^ach of the power Bnes P^ P^ each of the address lines A,.A,3, and each of the ink jets 192 one at a time. For 

example by turning on each power line P^Pe one at a time, without turning en any of the address lines A, A„, each 
nf the power lines P^P, may be tndwidualty tested.. Tlius, each element of a printbead cartridge 44 may be 
individually tested. 

20 ^ As discussed above, in order to fire an ink jet 190, a corresponding power line and address line must be 

simultaneously on to create a closed circuit which is electrically coupled between the output of the switching power 
supply 80 and electrical ground. Only then does the switching power supply 80 provide the desired voltage and 
current across the rwpec^^^ 

address One. ideally, there should not be a closed circuit coupled to the output of the switching; ppvimr^^s^^^ 80 
25 and^ con?iequ^^^ be no additional current draw from the capacitor (C,) 164. Bysuccesavdy 

1 *Mrning on M^^^^^ at a time, with the turning off of the pull down transistor 174 at time t„ it can 

be detained whether flO wer line^; b 

^"rnad on, Sinc^ 

sinuiltanemis^^^^^ 
30 the te«: dfecliaiie period 7Vb« t^^^ 

necessarily indicates that additionar eMrrem^ i^^ jteintf drawn by: the tpirtg^^ of that respective power fi^ As 

ctosed circuit to electrfcai ground associated with that power fine. In one embodim 
35 r,^ is less than 30% of the reference dbtharge perwd h the raspective povv^^^^ 
or nonfunctional 
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In . t|ie arcu^ illustrated Rgure 1 6, the: turning on of a power line m$y be ^tpottipRs^ by providing a . 

yiiliajgiii^^^ 

on it^sp^ line idurii^^^^ of a; pulise wtiich 

is used ta tum^^ 

(Fig. U As explained in further detail below, the 1/16th duty cycle of the "actuar pulse which is used to fire an 
ink jet 192 when compared to the ''test* pulse which is used during testing of the power linei must be compensated 
for by dividing any measured current drawn by a power One during testing by a factor of 18. The increase in duty 
cycle of the test pulse allows adequate time for the ou^ut capacitor (Ci) 164 to. discharge by an amount 
proportional to dV during testing of the power fines. Additionally^ the increased duty cycle allows a more accurate 



10 

After an the power fines P,-Pb have been tested, each address line A, Ai3 can be tested one at a time in 

: : a s^^ 
. . i Kite jiiia 

IS • bf t^ 

measured for the voltage change to occur. From this equation, we see that the current drawn from the output 
as the output voltage changes by an amount equal to dV. With ih1$ relationship between the current and: the 

.- . • ....:'tli^^^^^ 

equation is obtained: : . : . 



25 where Ittiii is the^ ^ output capacitor (G,) 164 whw^^ 

the amount of Current ^d only a single ink jet when it is fired, Ip is the arti^^ 

single powbr line whe^ 
. J/is the amount of current ^^d^ 
address fine should draw negfigi^^^ 

30 ■^166: ■ ■■ 

By rewriting the above equation in terms af discharge periods which are iiiversety proportional to t^^ 
respective currents/ the followihg equation 
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where J^, is equal to the measured discharge period when a single ink jet is fired, J. represents the discharge period 
which is inversely proportional to the actual current drawn by only a single ink jet when it is fired, P. represents 
the discharge period which is inversely proportional to the actual current drawn by only a single power line when 
it is turned on, A« represents the discharge period which is inversely proportional to the actual current drawn by only 
5 a single address line when it is turned on, and r is equal to the reference discfiarge period (Fig. 4} which is inversely 
proportional to the amount of current drawn by the bleed resistor 168« 

Because the bleed resistor 166 continuously draws current from the capac&or (C,) 164, any measured 
values of current drawn by firbg only a single power line^ or only a singfe address fm^ or by firing an ink jet, must 
tako into consideration the continuous current drawn by the bleed relator 1€6. With this in mind, we obtain the 
1 p following equation with respect to the measured current drawn from the switching power supply when only a single 
address line is turned on: 




where A„ represents the measured discharge period required for the capacitance voltage to change by an amount 
dV when only a single address line is turned on. Note that the contribution from the discharge of the capacitor (C|) 
15 164 through the bleed resistor (R1) 166 is represented by 1/r. From Equation 6, wo can obtain the actuar current 
drawn by the address line as follows: 

JL = _L - 1 

.4 W . 



Similarly, the measured current drawn when only a single power line is turned on is represented by the 
following equation: 

m a 



20 
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where P„ i$ the measured discharge period for the capacitance volt age (Ve) to change by an mom dV when only 
a singte power line is turned on. As explained above, the fact that T/P, is multiplied by a factor of 16 is due to 
the f^ct that during the test mode. 

The power line is turned on for a duration which is 16 times the duration that the power line is turned on 
5 when firing an ink jet during normal operation €f the ink jet printer^ In ether words, during actual operation of the 
ink jet printer; an ink jet is fired by "pulsing*^ the power line at a duty cycle which is 1/16th of the duty cycle of 
the power line during testing of the printhead. From the above equation, we can ebtain an equation which represents 
the actual current drawn by firing only a single power line during actual operation of the ink jet printer as follows: 

1 1 1 

= - (9) 

a nt 

10 rearranging Equation 5 above, we obtain the fallowing equation: 




(10) 



By plugging in the values for 1/A, and 1/P, obtained above, the following equation is obtained: 
am mm 



As explained above^ Jg, equals the measured amount of time requiVed to discharge t capacitor G| Suc|^ 
15 that its voltage level drojKs by an amount equal to dV when a single ink jet is fired, r represents the amount of 
time dT required for the voltage capacitance to decrease by an amount equal to dV when no elements of the 
printhead cartridge are activated. is the measured time period required for the capacitor to discharge by an 
amount equal to dV when a single power fineis turned on. And finally^ A„ is the measured amount of time required 
for the capacitance to discharge by an amount equal to dV when only a single address line is turned on. By 
20 measuring each of these values individually, a value for 1/J, may be obtained. As discussed above, 1/J, is directly 
proportional to the actual amount of current which is drawn from the switching power supply by only a single ink 
jet when that ink jet is fired, not including any current drawn by the bleed resistor 166, nor any defective address 
or power lines. By obtaining the actual amount of current pulled by only a single ink jet, a determination may be 
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'"ade as to whrther that ink^ j^^^^^ 
power firtt or adi^ 

Thus, the Invention provides a method and system in which the actual current drawn from the output 
Mpacitor (C,) 164 

5 in proper workmj c^n^ Addij^hSII^^^^ of current dravwi^^^f^ output 

drawn from the outpw^ oWained ftom 1% 

Aftor these values are obtam^ 

ttei^ whhjn the^^ Jll^W i» 

10 provided by an LCD screen which is typically found on most Ink jet printers today indicating either a faffed power 

By obtaining these values, it can be determined whether an mk ^t printhead has a^^efectivB power One, or a 
defecthre address line, or whether the ink jet nozzle itself is defective. The comparison of the values 4 P. and A, 
to the threshold values or ranges may be accomplished by any circuit which is well^nown in the electronics arts. 
^ A significant advantage of the method and system of the invention is that unlike prior art methods and 

systems no series current sensing element (Le., resister), is used. Instead, the method and system of the invention 
measures the time it takes for capacitors supplying power to the ink Jet cartridges to discharge by a small amount. 
In one embodiment, measurement sequence is as follows; 

1 . Command the output voltage of the switching power supply to shift up by dV and allow it to reach 
20 the new value, This may be accompDshed by turning on the pull-down transistor 174 (Fig. 16) as described abov*. 

2. Activate cifcuithf^^tt^^^ 
..*■;.■■ fefefienbrdischarg^^^^ 

3- Command the qulp^^^^^^^ to shift down and start the time 

measurement. This may be accomplished by turning off the pull-down transistor 174, as described above. The 
25 switching power supply wir not start switc voltage drops to the commanded value. 

4* ... When the switching power supply resumes switching, record the time measurement. This will be 
the measured discharge period which is hversely proportional to the amount of current discharged from the output 
capacitor C, 164. 

This technk|iie can state fi-a., when no elements are activated), test the 

30 pnnthead caM^ power lines, test each ink jet in the test printhead 

^^^^ ®' ^bese. The measurement of the quiescent 

P®"^** 3nd b lised as a reference point to calibrate the 

other measui^ments. 

In one embodiment the abpve^escribed measurements are conducted for each address line and each power 
35 ine, and each mk jet at the startup of the mk jet printer operation. For example, each power Fme PfP, Is 
successhrely turned on in order to measure the vahie of the discharge period P„ for each respective power line. 



• S(rnlBrly> 

^■■^ : 

dis^ J„^ f br ea^ch mdividusA inK^^ t p rmtfmad ed itridge: By obtaining values for each 

pbWcIt^ iin^ ea^^^ the values 

5 for 4> P. and as deiscrifaed above;. Based on thesie values for Ji, P, and A,, the method and syitm of the 
presjent thvention is ^pable of disti^tiuislpi^^^^^ i fsi9ed pc^ a failed mk jet, 

f or exampts^ Af ter a de^ctiye; pr fa^ appropriate 
acttons may then be taken to repair^ replacOi or compensat 

As described above, a method and system is provided havmg significant advantages and features over the 

10 prior art. In accordance with the invention, if one or more ink jets in a jet group is detected as being nonfunctional: 

group. This is accomplished by assigning replacement jet masks to the remaining f^|}Ctional jets within each jet 

jQirou| hf^ 

15 " otj^ ; : ; 

Flii^tjiii^f^ fhrtlibd rieclijce . or 

aluniriiatevi^ 

horii^ntal)^: ai^ adjacent jet$:arii^^ 

itini£idndi|;tiie^ 

iddjall^ . . 

^^^^^^^^^^ \ 

; ||<|f!: P^s| oy6r the record^ !T!!^diifi^*; f^ip^!^^^ ^ vj^^^f K?: P9!1^ 

ta; print zdne Z- ar on; ; l|i ttiiS; Wiay^ if a : def iei^t|^ iS; detected diirinl;!^ ^'4^'^ 

: oji; a printirig[ ihask to tha re grdiip- m^ 

. ......./aClSeVeCL.... • 

30 ; FihaOy; as described abqye, the^^ method and syste^^^^ : 

which the curiBiit i^eqiiired^^^ f ire: ah iiik jet 13 h vblt^ige drop across a sciriii^i r^^^ 

but rather, by masur^ discharge rate of an output output of a switcNinig povver 

supply as one or more ink jets of the ink jet printer are fired. This eliminates the need for series resistors which 
dissipate heat and energy^ take up space on the printhead carriages, and make the overall operation of the prihthead 

35 carriage less efficient and its manufacture more costly. Additionally, by measuring the discharge rate of the output 
capachor after an ink jet has been fired, or after a power line to the ink jet has been turned on, or after an address 
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line to thfi ink jet has been turned on, and comparing these test discharge rates with a reference discharge rate, the 
invention provides a way to determine if there is a defective tnic jet, a defecthre power Bne, or a defective address 
line, for example, and to also distinguish between these types of failures. 

The invention may be embodied in other specific forms without departing from its spirit or essential 
characteristics. The described «nbodiments are to be considered in all respect only as illustrative and not restrictive. 
The scope of the invention is, therefore, indicated by the appended claims, rather than by the foregoing descriptioJi. 
All changes which come within the meaning and range of equivalency of the claims are to be embraced within their 
scope. 
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WHAT IS CLAIMED IS: 



1. An ink jet printer which compensates for nonfunction|i itilt ji^^^^^ 
a processor, coupled to a host computer, which receives print d^{d;i$ind coin 

a memory, coupled to the processor, which stores at least one print mask and at least one replacement 



; pfint 

a print logic circuit, coupled to the processor, which receives signals from the procesisor to control the 
operation of the printhead; and 

wherein the printhead includes a plurality of ink jets, each ink jet being assigned to print respective dots 
10 on a respecthre raster line of a recording medium in accordance with the at least drie print mask stb 
memory, wherein when an ink jet is detected as heing defective, at least a portion of said print mas 
whh the replacement print mask afso stored in the memory such that one or more of ^e remaining ink jets of the 
plurality of ink jets compensates for the defecthre ink jet 

15 2, The ink jet printer of Claim 1 wherein: 

said printhead includes a plurality of print zones and a plurality of ink jets in each print zone, each ink jet 
being assigned to print respective dots on a respecthre raster line of a i^jco^ 

ink jets are dhrlded into a plurality of jet groups, eai^ jet group having at least one ink jet In each print zone; 
said print mask includes a plurality of jet group masksiiqt^r^^ 
20 of Jet groups, wherein each jet group mask allocates the printing ib^j^iif^ the 
ink jets of a respective jet group; and 

said replacement print mask includes at least one replsicehiem^ wliich rejitaic^^^ 

mask for a jet group having one or more nonfunctional ink jets, vvhiereih thci it l^ast ohe replacemism J^i^g^^ 
allocates the printing of dots to thefemaining functional Ink jets of the jot group having one or niorr^^^^ 
25 ink jets so as to compensate for the one or more nonfuncttonajinkjetsw 

3. An ink'jet p rinter; comprising a printhead having a plufariiy of ink jet;$, ea ch Ink jet beihg assigned 
. to print respecthfo dots on e respective raster tine of a recording medium^^ 
when an ink jet is detected as being defecthre^ at least a portion of said print mask is. replaced . w^^ 
30 print mask such that one or more of the remaining ink >ts. of the pU^^^^ 
InkJet ■ 



4. The printer of Claim 3 wherein: 
said printhead comprises a plurality of print zones; and 
35 said plurality of ink jets comprises a plurafity of jet groups, each jet group having at least one ink jet 

corresponding to e^^^ zone, vyherein each jet group is responsible for printing dots on a respective raster line 
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of a recording medium, and wh!^^^^ 
■ iii.. that jet . oiroMIi .ci^^ 

. 5;. .. .Tbe-printeri^iiClam^^ v;- 

5 said print mask conip|kl0S a iiluraiit)^ ol^ griiii^ jet gnoup tp^^ 

one ^ P^My !J![f?MP^ ^^MMM niastt hayji^ of p mj^^j^: ^ 

a respective ink jet in a respective jet group; and 

for a jergrioiup ir?)^^ 

. "tft:: / /^.pwottai^pfc^otC^ •■ 
as to ccmipensate for the arte tt more non lunttional ink jets. 

6. The printer of Claim 5 wherein said replacement jet group mask comprises a pfurality of 
replacement jet masks, each replacement jet mask correspondoig to a respective ink jet in a respective jet group 
15 having one or more non functional ink jets^ and wherein the plurality of replacement jet masks allocate the printing 

furictional ink jets in that jet group. 



7, The printer of Ciaim 6 wherein, when an ink jet in a jet group is detected as being nonfunctionaj 
20 during a printing process, the replacement jet masks assigned to the remaining fun^ 

successivehr replace the original jet masks of each respective ink jet in that jet group one print zone at a time, per 
pass of the printhiead over the recording medium; so as tp proykff a g^ f riansitiph 1 brigltial jet; gfiiup 

mask to the replacement jet group mask 



8, The printer of Claim 3 wherein a first subset of said plurality ef ink jets corresponds to a first 
jet Oi^oup and a s0ic^ J!s^?!ll^^^^ 

wherein Ifiik jjBts belonging to t^^^ 
fine of a wcqrdl^^ 
is detected l|eihO Jfle^t^iiv^^^ 
or Jtibre of the te^ 

and • 

wherein ink jets belonging to the sbc^^^^ 
raster line of the recording medium in ai^ordance wfith a s an ink j^t in the 

second jet group is detected as being defective, the second jet group mask is replaced by the replacement jet group 
mask such that one or more remaining ink jets in the second jet group comjiensiates for the defecthre ink jet in the 
second jet group. 
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9i>: t|re pnntiar of Claim 8 w 

sand replac^m^^^ 

wherein, when said first j^^^ of repiacement jet 

.5 : : masks are assigned to respective ink jets in the first and second jet groups so as to avoid the printing of veFtlcally 
adjacent dots during a single pass of said printhead qver the recording medium. 

10. The printer of Claim 9 wherein said plurality of repfacement jet masks are sequentially numbered 
and assigned to respective remaining functional ink jets of tha^fi^^^ 

10 the remaining functional inic jets such that ascending replacement jet mask numbers correlate with ascending print 
zone numbers; and 

when said first jet group is adjacent to said second jet group^ the plurality ^f replacement jet masks are 
assigned to raspective remaining functional ink jets of the second jet group based on a rotation scheme such that 

7 : f iintt ibii jal n^^ as to aydi: the:|i^iup i^o adjja ceiit 
Ink jets in one-pdntzone, 

11. A method of compensating for nonfunctional ink jets in an ink jet printer which includes a : 
20 printhead having a plurality of ink jets, aach ink jet being assigned to print respective dots on a respective raster 

determining when one or more ink jets are nonfiinclibha^ and 

i^^ pprtibh of the piirit i^ri^||acie^ dne or i|ipr6 the 

: . Tetrf^^ 

r--'--j^-'.- tli^ ^qnesw^ 
8 poitto prinif zoik satf je^ &nnprfefr 

eaqllM^^ corresponding to^^^^^ jet group is responsible 

for printing dots qn .a respective rasterlin^^ a recording mediUmi said print mask comprising a plurality of jet group 

30 : : masks, each jet group mask corresponding to a respective one of said plurality of ]e^ grbiips, each jet group mask 
having a plurality of jet masks, each jet mask cbrrespondihg to a respective iiik jet in a respective jet group, and 
wherein said act of replacing at tieast a portion of said print ma^ cbniprises: 

when a jet group is determined to have one or more nonfunctional jets^ replacing the jet group mask for 
that jet group with a replacement jet group mask which allocates tha printing of dots on a respective raster line to 

35 the remaining functional ink jets of that jet group so as to compensate for the one or more nonfunctional ink jets 
in that jet group. 
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13. The method of Claim 12 wherein said replacement jet group mask comprises a plurality of 
replacement jet masks, each replacement jet mask corresponding to a respective ink jet in a respective jet group 
having one or more non-functional ink jets, and wherein the plurality of replacement jet masks altocate the printing 
of dots to the remaining functional ink jets in the respectwe jet group so as to compensate for the nonfunctional 
ink jets in that jet group, and wherein said act of replacing said jet group mask with a replacement jet group mask, 
comprises: 

when an ink jet in a jet group is detected as being non functional tluring a prhting process, success'wely 
replacing the original |et masks of each respective ink jet in that jet group with the corresponding replacement jet 
masks assigned to each respect'nre ink jet in that jet group one print zone at a time, per pass of the printhead over 
the recording medium, so as to provide a gradual transition from thfi original jet group mask to the replacement jet 
group mask 

14. The method of Claim 11 wherein a first subset of said pIuraBty of ink jets corresponds to a first 
jet group and a second subset of the pluraGty of ink jets corresponds to a second jet group, and wherein said act 
of replacing at least a portion of said print mask comprises: 

when an ink jet in the first jet group is detected as being defective, replacing a first jet group mask 
corresponding to the first jet group with a replacement jet group mask sucfi that one or more of the remaining ink 
jets in the first jet group compensates for the defecthre ink jet in the first jet group; and 

when an ink jet in the second jet group is detected as being defective, replacing a second jet group mask 
corresponding to the second jet group with the replacement jet group mask such that one or more remaining ink jets 
in the second jet group compensates for the defecthre ink jet in the second jet group. 



15. The method of Claim 14 wherein said replacement jet group mask comprises a plurafity of 
replacement jet masks, each repiacement jet mask determining the printing configuration of a designated ink jet, and 
wherein the method further comprises, when both the first and second jet groups have a nonfunctional ink jet, and 
when saki first jet group is adjacent to said second jet group, assigning the plurafity of replacement jet masks to 
respecthre ink jets m the first and second jet groups so as to avoid the printing of vertically adjacent dots during 
a single pass of said printhead over said recording medium. 



1& The ihethod d Claim 15:where^ 
respeeth/elrik jets in the first and seppnd^;j^ 

^®^!^^t""9^ach r?pl|^ of jsaiij piura^ q^^^^^ 

assighing each replacement jet mask to respe^ctnw remaM^^^ 
upon the jprint zone numbers of the reniial^ grdup such thM ascw^^ 

replacement jet mask numbers correlate with ascending print zone numbers of the remaining functional ink jets in 
the first jet group; and 
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: ^: y j^ first jef group is aidjapiem ta^ group/ si^igninQi lhe^i p jet 

iiiasfef ^ ^ tiife; second gf dtip bfesd^^ ibtatioii schieme such that the 

orde^ group 

rotated wh^rt co^ jet masks to respective 

5 fjiinttibnai'm the first jet group s print 

iqififr^^^ is shijft(5d the correlation between the 
replacement jet mask numbers and print zone numbers of functional ink jets in the first jet group^sio as to avoid the 

ass^ (tneppiz^ 

10 17. An ink jet printer system for detecting a nonfunctional element in an ink jet printhead, cdrnprisihjg: 

a switching power supply, coupled to the Inkjet printheatfr for suppfying power to the printhead; 
an output capadtor, coupled to an output of the switching power supply, f ^ storing a dc voltage therein; 
a bleed resistorr coupled in parallel to the output Capacitor, for discharging current from the output 
cq)acitor; 

the output capacitor between a bw stato and a high state; and 

a sensor, coupled to the output of the switching power supply, for detecting when the switching power 

: : i ibutpiiit icii^^ witb ia jn^ bur rent 

V i^^ fifst tesistdr aiidVia: se^ in iseiliis With thiB fi^ 

resistor, wherieiit;it{^^^ cdu pjed to ^aM Iputpiri ca^^ a rHrjift node arid thef second resistor 

a p]|ij|:d^wn^i.s^ resi|^Q^ w^ the pUllrddVyn switch Is 

turridd qn^ said 

3Q: : is^ tiiniddJdi^^^^ j^el: across the idut^ut: capaotd^ high state td Its low st^^ 

a rate Vv^ic^ 



35 



19. The system of Clann 17 wherein: 

said sensor measures said test current by measuring a test discharge period required for said output voltage 
to decrease from said high state to said low state as a result of said output capacitor discharging current through 
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said element whfch has Jt^een activated, the test discharge period being inversely proportional to the test current: and 
: : ivhereiri 

said sensor measures said reference current by measuring a reference discharge period required for the 
output vultage te decrease from the high state to the low state as a result of the output capacitor discharging 
5 current throifgh t^^^ the reference discharge period being inversely proportional to the reference current. 

20, The system of Claim 16 wherein said output capacitor is coupled te a plurality of power fines of 
??W p™tftea having a phirafity of Ink jets, each ink jet corresponding to one of a plurality of power 
''nes ?nd qne of a plural^ of address fines of the printhead, and wherein, when an ink jet is desired to be tested, 

10 its corresponding power fine and address fine are simuttatteously on, when a power line is desired to be tested, only 
that power fine Is turned on, and when an address line is desired to be tested, only that address fine is turned on. 

21. An ink jet printer system for detecting a nonfunctional element in an ink jet printhead, comprising: 
means for supplying regulated power to the printhead; 

IS capacitor means, coupled to the means for supplying regulated power, for storing a dc voltage therein; 

nieans for discharging current from the capacitor means; 

means for shifting the dc voltage level stored in the capacitor means between a low state and a high state; 
means for measuring a test current discharging from the capacitor means when an element of the printhead 
is activated; and 

?0 '"^sns for comparing the measured test current with a reference current which discharges from the 

capacitor raeant^^^^ the means for discharging when no element of the printhead is ecthrated« 



25 



22. The system of Claim 21 wherein said means for measuring a test current comprises sensor mea 
for detecting when the means for supplying power is prdvlding^ a 



23- The system of Claim 21 wherein said means for shifting comprises: 

'"^2"? ^j*W«ng said dc voltage level by a desired amount so as to provide a feedback vohage to said 
means f or supplying power which is representative of said output voltage level; and 

means for adjusting the means for such that said output voltage level is adjustable from its low 
3D . state till its h^^^^ 

24: The system of Claim 21 wherein: 

^o"" measuring saw test current includes means for measuring a test discharge period required 
for said dc voltage level to decrease from said high state to said tow state as a resuh of ^ s^^^ 
35 discharging current through an acthrated element, the test discharge period being inverse^^^ 
current: and wherein 
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$iakl liieah^ f or imeasur^ ref eriuii^: discha^ period 

raqufred for tho dc voltago tevel to decrease from the high state to the tow state as a result of the capacitdr meaiis: 

dtibli|i|in|; ciiitihi tiiii^^ th^ i^f ^n^i^^^ the 

reference current 



storing the regulated power in a capacitor so as to provide a dc voltage across the capacitor; 
10 shifting the dc voltage leyel stored in the capacitor from a low ^ate to a high state; 

allowing the capacitor to discharge such that the dc voltage across the capacitor decreases from the high 
state to the low state; z;^ 

; h^ 

of the printhead are activated; 

i;:;cijrrehti;^^--:'r'" 



26. the nrieth^^ |S whiBif ieih smd i^ct :of measuring: a comprises: detecting when 

:;^:S^^ 

20 output of the switching power supply. 

:;th|^ 

; dw^ to provide a feed^ai^IcVid^ isaid 



25 adjustihg the feedba^^^ 

--s^ete; 



28. ThemiethMo : 

saM act of measuring sa^^^ t(Bst; discharge: periodLrequife^ 

30 yoltage l^vel to decrea^^^^ 
thiroughain ac^iij^ted 

said act of masurihg said ref erehce^ c^^^ reference disctia^ 

for the dc voltage level to decrease from the high state to the low state as a result of the capacitor discharging 
current through said bleed resistor, the reference discharge period being, inversely proportional to the reference 
3S current 
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29. An ink jet printer system for detecting a nonfunctional element In an ink jet prinlheaft without 
the necessity of adding a separate resist'nre element in series with the nonfunctional element said ink jet printer 
system cemprismg: 

first means for supplying regulated power to said printhead; 

second means for storing a predetermined magnitude of charge from said regulated power supply 
so as to provide a dc voltage; 

third means coupled to said second means for discharging at least a portion of said stored ctiar^? 
inta a circuit having a fbced reference resistance; and 

fourth means coupled to said second means for comparing the actual duration of a te$t discharge 
periods which corresponds to the time required to discbarge at least a portion of said stored charge into 
said element of said printhead, with a reference discharge period which corresponds to the time required 
to discharge at least a portion of said stored charge into said circuit having aJixed reference resistance. 



30. An ink jet printer system for detecting a nonfunctional jet in an ink iet printhead without 
the necessity of adding a separate resistive element in series with each of the jets of said printheadif p^^^^ 
measuring the voltage drop across each of said series rectors to ascertain whether a respective jet of 
said printhead is properiy functioning, said ink jet printer system comprising: 

first means for storing a predetermined magnitude of charge; and 

second means coupled to said first means for discharging said stored charge into a circuit: 
including said ink jet printhead and comparing the actual duration of said discharge period wtft|: ii: 
predetermined discharge period which corresponds to the circuit when no elements In said ink jet printliead:: : • 
are activated 



399/08875 



Page 3 5 of 59; 



WO 99/08875 PCTyUS98/1610l 

t/22 




05 





UJ 






(/) 


— ) 
Q- 


o 






O 




O 



_: I 



'J' 



SUBSTITUTE SHEET (RULE 26) 



WO99/08875 



P€t/US98/16101 



2/22 



CM 



Q: EC 



q: q: 




rsi 
a. 

o 



•c^J^^lc^J^gfs^^^^c^4cslc^lc^^r^ic^l^gc^4^s^c^Jc^^ 



o*— cMrO"^iOior^ o ^ CNj ^ m CD hsil 

• c>i ^ CO 1^ 00 m ^ ^ ^ ^ ^ cstro ^ inior^. COO) ^ ^•r- ^ 



X 

























0 




0 
























0 


>. 














0 




0 




0 




0 






0 






















0 




0 




0 










0 




0 




































0 




0 




















0 
















0 




0 








Q 






0 






















0 


















0 


















0 














0 




0 




0 














0 










0 








0 




0 
















0 






















Q 














0 




























0 










0 




















0 






0 










0 




0 




0 








0 












0 


















0 










































0 




















0 




0 






0 






0 




0 




0 


































0 








































0 




0 




















0 












0 




0 
























0 
















0 


















0 














0 








0 




0 




0 










O] 


















0 






















0 






© 


















0 








0 




0 




0 




















0 


















0 






0 
































G 






0 








































0 




0 








0 




0 
















0 




01 




0 




0 








m 










0 






























0 
























0 


















0 








0 




0 






0 




0 










0 








0 




0 














0 




0 










0 
































0 












0 




0 














0 






















0 








0 
































0 














0 










0 








0 


















0 














0 
























0 


















0 






0 


























0 




0 
























0 




0 














0 








Q 
























0 






0 




0 




0 
















0 






















0 




































0 




0 






















0 




















0 






0 








0 
















0 














0 








0 




0 




0 


























0 


















0 






























0 






0 




0 
























0 










0 




0 




0 




0 




0 




0 


















0 




0 




0 




0 




0 








































0 






































0 






0 




0 
















0 










0 












0 




0 




0 




0 




0 




















0 




0 




















0 




0 


























0 






0 
















0 




0 






0 







m 

CM 



CD 
EE 



SUBSTITUTE SHEET (RULE 26) 



) 99/08875 



Page 37 of 59 ^ 



WO 99/08875 



PCT/US98/16101 



3/22 



M 1 



-;^-^.'r*^-'*^ ^^--^ CM^rO in:tO:TS OO-Oi ^..^ ^ ^ ^ , 



c5 j 

lu^tDr^ooo>0'^cNro'^in<ni*N.ooQ>0'r-cNro'^ina>r»*.wo>o^ 





o 










o 
















o 
























> 










































































w 




yJ 










o 




o 






o 








o 




o 




o 




o 






o 




























































































Q 










w 










\J. 




































o 




































o 






















o 
























o 


o 




o 
























o 




o 




o 














o 




























o 




© 




o 




o 


















o 






o 
















o 








o 




o 




















o 




o 
























o 




o 


























o 




















o 




o 




m 




o 


















o 


o 




o 




o 




o 




















o 






























o 
























o 




o 






o 










o 












































o 




















o 








o 




o 














o 














o 














o 






o 






o 




o 
















o 




o 








o 




o 










o 






o 
































o 












































o 




o 










o 






o 










o 












o 










o 




o 






















o 
















o 










o 












o 














o 




o 








o 






o 










































o 




o 




























o 




o 






o 


















o 


















o 




o 








o 






o 






















o 




o 












o 


























o 














o 




o 




o 






































o 




o 






o 




o 




o 


















o 




o 






o 








o 






































o 




o 




o 


























o 




o 




o 














o 




o 






















o 




o 








o 




















o 




















o 




o 




o 




o 






















o 




o 














o 






































o 




o 




o 














o 






















o 




o 














o 




















o 














o 
























o 




o 










o 




















o 






o 
















o 




o 
















o 












o 




o 




o 




































o 






o 










o 




















o 




o 












o 






o 




















o 
















o 


















o 






o 












o 




o 






o 















-V" 

O 

Osl 



CM 



SUBSTITUTE SHEET (RULE 26) 



O 99/08875 



Paae 38 of 5 9 



WO 99/08875 



PCT/US98/16iai 



fsi 

O 
O 

5 "1^ 



4/22 



^^^C^I C^^CS|C^IC^JCNC^IC^|C^4C^Jr^^C^4C^^C^IC^IC^J^OI^^O^^ 



ro -^-lO CO CO o 



.>4K> ^ v>« CO o, 3 Zi:it2:J!2 -5 -5 

c c 



o 




o 






o 














o 






o 










o 








o 




o 


































o 




o 
















o 






























o 










o 












































o 




o 




o 




o 
























o 






o 




o 












o 




o 






o 




















o 










o 
















































o 




























o 








o 












o 




o 






o 






o 




o 








o 




o 




o 




o 
















o 










o 






























o 


















































o 




o 






o 






o 












o 




o 








o 






o 












o 




o 






o 




















































































o 




o 




o 




o 








o 






o 




o 










o 




o 




o 








o 




o 




























o 




































o 
















o 










o 




o 














o 








o 












o 














o 




o 












o 
















o 






























o 






o 






























Q 
















o 












o 




o 
















o 




o 




o 








o 




o 












o 












o 


















o 




o 
































o 












































o 












o 




o 




Q 




o 








o 






m 




o 


















o 






o 










o 
















































o 




o 
























o 






















o 






o 




m 




o 




















o 






o 




o 












o 






o 




o 






























o 




G 




















o 






o 


















o 




o 




o 




o 
























o 








o 
















© 




o 




o 


























o 








o 










o 












o 


























o 




























o 














o 








o 














o 




o 










o 




o 








o 




o 














o 












o 












o 






































o 














o 




o 








o 




o 
















o 




o 




o 








o 




o 










o 






o 
































o 




























o 


















o 








o 




o 








o 
















o 














o 


























o 




















o 






o 










o 














o 




o 






o 






o 












o 
























o 














o 


























o 




o 






o 


























o 














o 










o 






























o 












o 















m 

CM 



V 



CD 



SUBSTITUTE SHEET (RULE 26) 



^ ge 39 of 59 = 



WO 99/08875 PCT/US98/16101 

5/22 



CM 
CO 



a: 



0>«DK>OP>. 

cNi — K) vn 03 






o 








o 




















o 




















o 










O 
















o 
















o 






o 














o 














Q 




o 






















o 








o 














o 




o 






















o 








o 








O 














o 
















o 










ol 








O 










o 




















o 














o 






o 










O 










O 






















o 










o 






O 











o 
o 
o 
o 
o 
o 

o 
o 
o 

2 
o 

o 

Q 

o 
o 
o 
o 
o 
o 
o 
o 
o 
Q 

G 
Q 

o 
o 
o 

2 



CO 

CD 



SUBSTITUTE SHEET (RULE 26) 



wo 99/08875 



PeT«JS98/Idl01 



PRINT 
ZONE 

#1 



PRINT 
ZONE 
#2 



PRINT 
ZONE 
#3 



PRINT 
ZONE 
#4 



PRINT 
ZONE 
#5 



PRINT 
ZONE 
#6 



o 
o 



o 
o 



o 
o 



o 
o 
o. 
o 
o 



o 
o 
o 



o 
o 
o 



o 
o 
o_ 
o 
o 



o 

o 
o 



o 
o 
o 



i I I lo) I I I joi 1 H II I loll Moil II M M Mo! t -^ 



lol I I lol M I to! I llol t I I I I I I I II llol M M 



>> 



' I I I t lol I I I I I lol M I I I M I I lol I I lol I I 



5J 



t 

J02 



II t I I I M M to! I I l oll Moll llol Mol I I 1 TT^ -^ 



70 



J02 



I I t I I I I loi I I lol I I I < lol I I lol I I 1 M I loM 1 —^ 



....1., 

J02 



lol I I lol J . I I 1.1 I I .1. I L I lol I I I lo l l I JQI I I 



BBBBBBBaigBlBlBlBBEBlBBBlBBBlBBligBlEaHgHgra 



m.4 

SUBSTITUTE SHEET (RULE 26) 



O 99/08875 



Paae42 of 59 



WO 99/08875 PCT/US98/16101 

8/22 ^ 



M 
O 
2 



to 

P 00 



X 



CO O 



O O < Z 

St =i 

1 UJ UJ 

T OS QC 



CO 

CD 



SUBSTITUTE SHEET (RULE 26) 



D 99/08875 



Page 43 of 5g 



■ •\v^"99/biwi^^ " ■ ■ • • ' PCTyUS9is/16101- 

9/22 



O U7 ^ CO 

2: uj = uj 

^ -Jl z •J 

c: M 1^ 



ui 



CD 
in 



SUBSTITUTE SHEET (RULE 26) 



WO99/08875 



PeT/US98/1610i 



o 

O CO ^ CO 

1 M < INI 

^ Z J-U ^ 



X 



o 

Q 
O 

o 

© 
o 
o 
o 
o 



00 



SUBSTITUTE SHEET (RULE 26) 



\j aa/uoo/ 9 



Page 45 of 5& 



WO 99/08875 PCT/US98/16101 



11/22 













o 




o 
o 
o 
o 
o 
o 

Q 

o 
o 
o 
o 
o 

0 

o 
o 
o 
o 
o 
o 
a 










O 














o 










O 














o 










O 














o 










O 














6 










O 














o 










0 














o 










O 














o 










o 














o 










o 














o 










o 














o 










o 




o|o 












o 










9 




o 
o 
o 
o 
o 
o 
o 
o 
o 












o 










o 














o 










o 














o 










o 














o 










o 









CD 
it 



SUBSTITUTE SHEET (RULE 26) 



W0 99/M875 



PCT/US98/16101 



12/22 



PRINT 
ZONE 



PRINT 
ZONE 
#? 



o 
o 



o 
o 

o 
o 
o 



PRINT 
ZONE 
#3 



PRINT 
ZONE 
#4 



o 
o 
o_ 
o 
o 
o 



o 
o 

jO 

o 
o 
o 



PRINT 
ZONE 
#5 



PRINT 
ZONE 

#f I; 



o 
o 
_o. 
o 
o 
o 



o 
o 
o_ 
o 
o 

p 



o 
o 
o 



I I I I I i t M I I II I I M I II M n II I I I II II 



6 



50f 



loM I MoM I I lol I n lol II UoM II loM I I lol 



'if- 



502 



i I loi I I I lol M I ton I l lol I M lol 1 I I lol 1 I I \ -^^^^ 



SOS 



1 I I I loi I II loll I llol II Mot II Moll M lom -^ 



504 



I lol I I I loi t I Moll t I lol M llol I II lol II I lo- 



505 



I lol I I I loll I Mol I II loll I Mol l II loll I 



50S 



BBBBBBBBEBBBBlBlEBlBBliaElBBiaBBBlBBEEBlE 



F/G. to 

SUBSTITUTE SHEET (ftULE 26) 



WO99/08S75 



PCT/US98yiM01 



t3/22^ 








Fin 




s: EC 





a> 
M 

O 



' CSI CNCN* Csl CNJ CSJ CN CNJ Csl^ C^^^ CM CM CN CM CM <NJ 



0'r-cMfO'^in<o r> o^r-cMro'^toior^ 



o^cMio^4nior^ooo>o*-tMto^in ior>-ooo^ o ^cNio 
TTTCMN^'^tntor^to m-f- ^'-^'r-T-' 'T-'.-- CM rg<M CM CM csjc^^ 















- 














o 
























o 
















o 




o 




o 




o 






o 






















o 




o 




o 










o 




o 




































o 




o 




















o 
















o 




o 








o 






@ 






















o 


















o 


















\J. 






















































r\ 




















o 






















o 














o 




























o 










o 




o 
















o 






o 










o 




o 




o 








o 












o 


















o 










































o 




















o 




o 






o 






o 




o 




0 


































o 








































o 




o 




















o 












o 




o 
























o 
















o 


















o 














o 








o 




o 




o 






o 




o 


















o 






o 












o 




o 






o 


























o 




o 




o 




















o 


















o 






o 
































o 






o 








































o 




o 








o 




o 




















o 




o 




o 








o 










o 






























o 
























o 


















o 








o 




o 






o 




o 










D 








o 




o 














o 




o 










o 
































o 












o 




o 














o 












o 










Ol 








o 
































o 














o 










o 








o 


















o 














o 
























o 


















o 






o 


























o 




o 


o 






















o 




o 














o 








ol 




o 




















o 






o 




o 




o 






































6 




































o 




o 






















o 




















o 






o 








o 
















o 














o 








o 




o 




o 


























o 


















o 






























o 






o 




o 


































o 




o 




o 




o 




o 




o 


















o 




o 




o 




o 




o 








































o 






































o 






o 




o 
















o 










o 












o 




o 




G 




o 




o 




















o 




o 




















o 




o 


























o 






o 
















o 




o 






o 







AT" 
CO 



"V- 



CD 



SUBSTmire SHEET (RULE 26) 



wo 99/08875 



PeTAJS98/1610i 



14/22 



Q |^ON^ro^O^O^orOl^t^^<>^O^OI^O^O^O^O^O'i 

Ql 

2 
o 



1 



— _ » o ^ cNj ro lO to ■ O'^€^K>^ini0hM 



CO 



|in<or^ooo>o^cvjiO'^iotor^coo>o^cNji^'^in<oi^oocno*~cNjhO'^iotD 





o 










o 
















o 














o 
















































































o 




o 




o 




o 






o 




o 






o 












o 




o 




o 






o 




o 












o 




























































o 












o 




o 






o 




o 






o 




o 








o 














o 














o 




































o 






















o 
























o 


o 




o 
























0 




o 




Q 














o 




























o 




o 




o 






















o 






o 










ol 






o 








o 




o 




















o 




o 




























o 


























o 






o 














o 




o 




o 




o 


















o 


o 




o 




o 




o 




















o 


























o 




o 
























o 










o 










o 












































O] 




















o 








o 




o 










o 




m 














o 














o 






o 






o 




o 
















o 












o 




o 










o 






o 






o 


























o 












































0 




o 










o 






o 










o 












o 










o 




o 






















o 
















o 










Oj 












o 














o 












o 






o 




















o 






















o 




o 




























o 




o 






o 


















o 


















o 


o 


o 








o 






o 






















o 




o 












o 


























o 














o 




o 










































o 




o 






o 




o 




o 


















o 




o 






o 








o 






































o 




o 


o 


o 


























o 




o 




o 














o 




D 






















o 




o 








o 














o 






o 




















o 




o 








o 






















o 




o 














o 






































o 




o 




o 














o 






















o 




o 














o 




















o 














o 
























o 


o 


o 










o 




















o 






o 
















o 




o 
















o 












o 




o 




o 








o 




























o 
















o 




















o 
















o 






o 




















o 
















o 


















o 






o 












o 




o 






o 














1^ 


J 





o 



CD 
EC 



SUBSTITUTE SHEET (RULE 26) 



WG99/0B8ti5 



PCTAJS98/16101 



15/22 



Q> 

Ol 

I* 

o 



I*CNC^^r^lrslC^lC^lC^^CSC>^C>ac^^C^JC^I^s|C^4C^JC^^♦O^OK^H^»^ 

* . cz c 

: CO :fSi.- fSi fVi fNi 



o 




o 






o 












o 


o 






o 




















■' 




































o 




o 
















o 








































o 
















































































o 






o 




o 












o 










\J 






























o 
















































o 




























o 








o 










o 


o 




o 






o 






o 




o 








o 








o 




o 
















o 










o 






























o 


















































o 




o 






o 






o 












o 




o 








o 






o 












o 




o 








































o 


















































o 




a 




o 




o 








o 






o 




o 










o 




o 




o 








o 




o 




























o 




































o 
















o 










o 




o 














o 








o 












o 














o 




o 












Q 
















o 






























o 






o 






























o 










o 






o 












o 




o 




















o 




o 








o 




o 












o 












o 


















o 




o 






o 


























o 












































o 












o 




o 




o 




o 








o 






o 




o 


















o 






o 










o 
















































o 




o 
























o 






















o 






Ol 




o 




o 




















o 






o 
















o 






o 




a 






























o 




o 
















o 




o 






o 


















o 




Q 




o 




Q 
























o 
























o 




o 




o 


























o 








o 










o 












o 






















































o 














o 








o 














o 




o 




o 






o 




o 








o 




o 














o 












o 












o 






































o 












o 


o 




o 








o 




o 




















o 




o 








o 




o 










o 






o 
































o 




























o 


















o 








o 




o 








o 
















o 














o 


























o 




















o 






o 










o 














o 




o 






o 






o 












o 
























o 














o 




















o 






o 




o 






o 


























o 














o 










o 
















4- 












o 












o 















-V- 



SUBSTITUTE SHEET (RULE 26) 



fO 99/08 875 



Page 50 of Sfl 



WO 99/08875 



PeT/lJS98/16101 



16/22 



O 

^sl 



JO 
CM 



UJ 

o 



4- 



O 



"V" 

I 



\ 



"V" 
I 



CM lO 

4- 4. 



o 



ro c£> 

+ 4- 

CM in 

4- 4- 



B»,BBBBBBa!*!i»;BWjB«B«BMI 



SUBSTITUTE SHEET (RULE 26) 



O 99/08875 



Pa ge 51 of 59 



VWS 99/08875 



FK?F/U598/1610I 



17/22 



PRINT 



PRINT 
ZONE 



ZONE 






#1 


o 


o 




o 




O 




O 




O 


PRINT 






ZONE 






#2 


o 


o 




o 




o 




o 




o 


PRINT 






ZONE 






#3 


o 


o 




o 




o 




o 




o 


PRINT 






ZONE 






#4 


o 


o 




o 




o 




o 


PRINT 


c 


:> 


ZONE 








c 


3 









o 










o 










o 










o 










o 










o 














o 










o 










o 










o 










o 










o 









































































ob 


o 
o 


o 
o 


o 
o 


oo 


Ob 


o 
o 


Q 

o 


o 
o 


OQ 


O 
O 


o 
o 


o 
o 


o 
o 


o 
o 


Q 
O 


Q 
O 


Q 
O 


O 
O 


Q 
O 


O 
O 


o 
o 


Q 
O 


o 
o 


Q 
O 


Q 
O 


O 
O 


Q 
O 


Q 
O 


O 

o 


Q 
O 


Q 
O 

















SUBSTrrUtE sheet (rule 26) 



'O 99/08 875 



Page 52 of 5 9 



WO 99/08875 PCT/t»S98/1610i 



18/22 



X 



o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

Q. 
o 
o 
o 

o 
o 
o 
o 
a 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 



CD 
EC 



SUBSTITUTE SHEET (RULE 26) 



\VO 99/08875 PCT/US98/16101 

1 9/22 



fJ2^ 


2/ 






PRINT 


ZONE 






6 








0 




o 




o 




o 


PRINT 




ZONE 




#2 


o 


\j 




o 




o 




o 




o 


PRINT 




ZONE 




#3 


o 






I^P:"; : ■ 




o 




o 


PRINT 


o 

• 


ZONE 


• 




o 


.vSJ.-: . 




o 




o 




o 


no 1 KIT 

PRINT 




ZONE 




#5 


6 


o 




o 




o 




o 


PRINT 


9 


ZONE 






o 


o 
© 



/JO 



o 


o 


o 


o 


o 


o 


o 


o 


o 


olo 


o 


o 


o 


o 


olo 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o|o 


o 


o 


o 


o 


ojo 


o 


o 


G 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 



F/G. t5 



50/ 

502 
502 

50J 
50J 

504 
504 

505 
505 



50/ 

50&a 



505a 



SUBSTITUTE SHEET (RULE 26) 



wo 99/08875 



PCT/US98/16101 




SUBSTITUTE SHEET (RULE 26) 



Wd99/088'75 



P€:*r/US98jri6101 



21/22 



3oaiyiavD a3iNiyd ix3n oi 



r 



Q- 

:=> 
m 

O 



I f 



irA %n 00 crt 

<| X <t < < < < 



QNnOHO 



Oi 



SUBSTITUTE SHEET (RULE 26) 



99/0 8875 



Page 56 of 59 



WO^9/08875 



PCT/US9$/161t)l 



4 




SUBSTITUTE SHEET (RULE 26) 



O 99/08875 



^fljeSTof 59 



. thUViiatfbnai ApfiM^^ No ' 



Minimurn docum^nfatkih SGarphad (dassificatioh syslGmfoiiciv^ 



Dbcumehtaljoh sea^ 



- Pfefey^nt tb Claim No, 



us 5 124 720 A (SCHANTZ CHRISTOPHER 
23 June 1992 



see the whole document 

WO 96 32263 A (EASTMAN KODAK CO 
iSILVf RBROpk: Ki^ jAUiX); |7yOe^^ 

see abstract 

see page 41, line 14-26; figure 4 

' se^i''-pi^/.M7-,lin^^^^ 'p;^ge?-'S!2-,-- T.i*je::'.3^- ■ 
::siee;:::iJ;ige;J'"&^ ii:ne:''M^k5-^-'^-'''-- 
see page 60, line 11 - page 62, line 6; 
claims 1,2,11; figure 8. . 



■:.17.;2iv • 



173 ,11 , 
17.21 



)(:| Furt Ke'r 'tf6<Hm cbhUnujErtibh !bt jikliic:C'.' 



Patanifair^ in anhek. 



*A* document defining tha general etate of the art wNch Is not' 

considarafdiote o^^^^ 
"E" aartier document butpubUshed on or after trWt intarh^Uohar 

filing <tete: : . 

HI" dobtimerit WW may throw doubts oh priority biaimlsj or 
which b died to istabilsh the pubUcat^ ■ 
cHattoh or othiar speciat reason (as specified) 

"O"' dbcUriiehiimfOTrii^ ejelSibltfQn or 

other means -* " ' 
•P^ document pubRshed prior to the intamational-fatng date but • 

later than the priortty date daimied 



T* later dQipMimnt^:^ ahar.the-thterhatiortalifiiing^te 

or prtotity. data andlnot'lii cohfiici wHh the appficatidh biit: 
citeid io understc^r^ the prfhclpfe or theory urtderlyihg the i 
iiiiyehlibh . 

'iC documeirift of pahk^ claimied invention 

caraipt.bie pohsidere cbhsldefed to, 

jmratye ah invents stiap when the dbcumerit is t^eh ailbhe 

"Y' dQ«ufheht or pai^ dafmed'lrh^htion 

canhot-ba considered tO: involve, ao.invent^a. st^p.whe'n :the. . 
.<tofaim0hlis.(^rnbf^ . 
ments, cbnhbihatlohlMihg obvious to-a sidlied 

docunwnt member of t^^^^ 



pate of the a<^al cbrnplet^ of the.im€Hi>mipna I. search.. 



29 October 1998 



DalB.of rnai.iing .<^. the intematlorwl inarch coport 



05/11/1998- 



Name and maiUng address of the ISA 

European Patent Office. P.8. 5816 Patentlaan2 
NL-2280 HV Rilswijk 
Tel. (♦ai-rO) 340-2040. Tk. 31 661 epo nl. 
Fax: (+31.79) 340-3016 

Foim PCT/ISAO10 (second shMiMJuly 1992) • ■ 



Authorized pfficer 



Nielsen, M 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 

C.(ConUnuatian> DOCUMENTS CONSiOE RED tC) BE pi/ amt . ■ ' 


inu ..latJonal Application No 

PCT/US 9e/16101 


Category 


Crtat ion of document, wtth indk;9Uon.wheri» appropriate, of i^^^ rotovant passages • ■ • 


Rolovant to Claim No. 


A 

A 

A 
A 

P. A 

E 
E 


PATENT ABSTRACTS OF JAPAN 

vol. 096, no. 002, 29 February 1996 

& JP 07 285225 A (NEC CORf), 

31 October 1995 

see abstract 

PATENT ABSTRACTS OF JAPAN 

vol. 012, no; 289 (J1-728>, 8 August 1988 

& JP 63 067164 A (MITSUBISHI ELECTRIC 

CORP), 25 March 1988 

see abstract 

EP 0 694 396 A (CANON KK) 31 January 1996 
see abstract 

PATENT ABSTRACTS OF JAPAN 
vol. 016, no. 062 (M-1211), 

17 February 1992 r.. 
& JP 03 256755 A (TOSHIBA CORP), ' 
15 November 1991 
see abstract 

EP 0 855 270 A (HEWLETT PACKARD CO) 
29 July 1998 

see the whole document 

EP 0 863 004 A (HEWLETT PACKARD CO) 

9 September 1998 

see the vrfiole document 

WO 98 40222 A (RASTER GRAPHICS INC) 
17 September 1998 
see abstract 

0 (continuation of s«cond sheet) (July 1 992) ' — ' 


1.3,11, 

17,21, 

25,29,30 

1.3.11. 

17.21. 

25,29,30 

1.3,11 

17.21, 
25,29,30 

1.3,11. 

17,21, 

25,29,30 

1.3,11 
1.3,11 



page 2 of 2 



P age 59 o f 59 



INTERNATIONAL SEAROI REPORT 



tntoLiattonsI Appliealion tto 

PCT/US 98/16101 



Patent ctocument 
cited in search report 



Publicatoon 
date 



Patent family 
meinbei:(s) . . 



Publicatidh 



us 5124720 


A 


23-06-1992 


JP 


4226772 A 


17-08^1992 


EP 0394699 


A 


31-10-1990 


US 
DE 
DE 


4996487 A 
69003158 0 
69003158 T 


• - ■ ■ c%j: . .\j c ■ ■ I y -if -i - 

14^10^1993; 

I W ; . \J C: . . .1 ;5r 








JP 
JP 
JP 


1982676 C 
3002045 A 
6102379 B 


25-10-1995 
08-01-1991 


WO 9632263 


A 


17-10!-1996 


EP 
JP 


0765225 A 
IOS01492 T 


1 0-0 2t: 1998 


EP 0694396 


A 


31-01-1996 


JP 

CA 
CN 
SG 


8025700 A 
2154208 A 
1121000 "A 
35001 A 


30-01-1996 








22-01-1996 
24-04-#9li 
OI-O27I997 


EP 0855270 


A 


29-07-1998 


JP 


10211694 A 


11-08-1998 


EP 0863004 


A 


09-09-1998 


NONE 




-1*- r^-- .-r;-;r?r:^.. 














UO 9840222 


A 


17-09-1998 


NONE 







. Form PCT/tSASlo (patant tariiBy Bfwwx) <July 1992) 



I. 




THIS PAGE BLANK omo) 




This Page is Inserted by IFVV Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the ongmal 
documents submitted by the applicant. • 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DR-A\MNG 

□ BLURRED OR ILLEGIBLE TEXT OR DR-AWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GR.AY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ■ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



« PAGE BLANK a«no, 



